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To Mr. KEARSLEY, Bookselfer, Fleet-Streel, 



Wooltvtcli, July 13^ 1801, 

In answer to your requeslj to examine 
Hind gi'Ve you an opinion lof a work, entitled^ 
*f Philosophical and Mathematical Amusements^ 
&c/' leing a translation from the , French of 
JDespiaUy ivith additions, and improvements^ t 
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particuldrsy in a manner at once familiar, elear, 
and amusing. To young persons especially, and 
in schools, this u/ork must prov^ peculiarly use-' 
fill r and the extensive tables of chances on alt 
so7'ts of games, at the end of th-e work, must Ire 
singularly interesting to all smh persons as attend 
or play at any kind of games, hy exhibiting at 
one glance the chances of odds in & great variety 
tf cases* 

lam, Sir^ 
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MATHEMATICAL and PHILOSOPHICAL 



AMUSEMENTS. 



nnO trace out the origin of amufements, it appeari 
^ that it would be neceffary to go back to tho 
earlieft age» of the world. For, mankind, being 
expofed to a variety of fatiguing labours,^ which 
exhauft both the mind and the body, have at al! 
times exercifed their ingenuity in devifing means 
tQ difpel melancholy, and to revive the deprefled 
(pirits. 

The remedies pointed out by nature for this puf- 
pofe, are reft, proper nourifliment, and cheerful- 
nefs : each day indeed exhibits in the fame indivl- 
4ual a new being, in good or bad fpirits, according 
%o the impreflions made on the animal ceconomy by 
reft, a change of food, and various other circum« 
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'a AMUSEMENTS 

The mind is loo intimately conneflecl with the 
body not to participate in the evils by which it is 
affefted ; but to the former, reft alone is not fuf- 
ficieni : to revive its powers, and to exhilarate the 
rpirits by a proper ftimulus, a change of obJe£ls, 
ainufing converration, agreeable news, and whtr 
things of the like kind, are necefTaryk 

Every one knows that the fpiriis arc depreHed by 
too long application to gloomy or lerious obje£ls : 
to remedy this evil, others more amuling muH be 
fubflituted in their ftead ; the leafl trifle or toy is 
often capable of giving to the mind the moll trah* 
quil and agreeable imprefiions ; and during this date 
of peace and repofe new fpiriis are created, which 
produce a change in the whole frame. 

Walking, hunting, dancing, and mufic, are ex« 
cellent fources of amufement ; but they are not the 
only ones to which the neceflity of unbending the 
mind, and filling up a vacant hour, have given 
birth. 

The game of chefs, it is faid, had its origin at th< 
fiege of Troy; being invented by Palamedes to 
, amufe the Grecian chiefs, difgufted witb the tedi- 
oufnefs of the liege. 

Cards and tennis were invented by the Lydians, 

a neople of Afia Minor, among whom, according 

: antiquarians, all games had their origin : thefe 

e, it is well known, were fo much addicted to 

ituoufncfs and gaiety, that to exprels a thought. 
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Ifefs, carelefs aftion, it was faid, proverbiaHy, to 
hkve been done Lydio more. 

Amufements then are temedies invettted to feviNre 
the deprefled fpirits, and to render the ihind capsjble 
of refuming its ufual labours With greater fuccefs jt 
hut a wife -man tvill employ them with moderation^ 
and will confider them as obje£ls calculated to ttn« 
bend the mind, and not to occupy it entirely* 

Cicero told his fon that amufements ought to b^ 
Employed like fleep; which, if ufed to exceft^i 
becomes dangerous, and instead of reviving the 
j)owefs of the mihdj renders them torpid/ 

On this fubjeft Caffian relaites an expre$oil of 
the Apoftle John, which deferves to be recorded t 
•—A hunter, who one day faw him careffing a par- 
tridge, feemed aftonifted that fo pious a main Ihould 
amufe himfelf with fuch a trifling objeft* ^^ My 
good friend," faid the Ajpoftle, " What have you 
got in your hand ?" "A bow," replied the hunter; 
" and why is it not bent?" added the Apoftle* 
" If it were always bent," returned the hunter, ** it 
would lofe it's ftrength." " Be not then furprifed;** 
tontinued the Apoftle^ «« that the mind alfo Ihouid 
Sometimes require relaxation." 

Sidronius Hofchiu^, the FlefnilJi Ovi(i, has ieX* 
^reffed the fame thought^ with great elegancei In th^^ 
^Following lines :— ^ 

Deficiet fenfim qui femp^r teiiditUr aiicuSi 
rcrre ncgall Cegctes irrequietus ageh 
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The latter comparifoA has been employed by 
Seneca, who fays, — *• the mind of man is like 
thofe fields, the fertility of which depends on their 
being allowed certain periods of reft, at the proper 
feafons." This philofopher had remarked, that too 
long and too affiduous labour exhaufts the mind, 
thrawin'g it into a kind 'of languor ; but, that by 
relaxation it is revived, and rendered fitter for re- 
fuming its occupations. 

• How often are people difficulted by problems 
merely of an amufing nature, the. whole folution of 
which depends upon fome elementary calculation, 
the natural properties of certain bodies, or mathe- 
matical combinations ! We admire the fagacity and 
pretended knowledge of the perfon who propofes 
them ; and yet nothing is eafier than to comprehend 
and even to execute what thus excites our aftonifli- 
ment and wonder. Why then fliould not we acquire 
the knowledge neceffary to enable us to propofe 
problems and enigmas ourfelves ? 

Intricate and puzzling queftionshave, atall times, 
formed a part of the amufements of the moft 
poliflied nations ; and they have been received with 
avidity even by young perfons when prefented under 
the agreeable form of an enigma or recreation. I 
will even venture to aflert, if we are allowed to 
judge of others by what we experience ourfelves, 
that we are fometimes condufted to the higher parts 
of the moft abftrafl ftudies, by the flowery path of 
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fome experiment, .which we at firft confidered as in 
objeft of mere curiofity. - 

It is well known that the high reputation of Solo- 
mon induced the queen of Sheba to come from the 
remoteft part of Ethiopia, to admire the wifdom of 
that great prince — the wonder of his age. She 
came, fays the fcripture, <o try his wifdom, by pro- 
pofing to him enigmas. Solomon fatisfied her on 
every point, and anfvyered all her queftions with fo 
much propriety, that the queen returned in the 
utmoft joy, unable to contain the tranfports of her 
admiration, excited by the wifdom and magnificence 
of that great king. / 

• The celebrated iEfop became the favourite of 
Croefu^, merely on aqcpunt of his ingenious fables, 
which contained the moft refined morality, and in- 
ftru&ions the more delicate, as they conveyed cen- 
fure witl^put wounding that felf-love which is fo 
natural to man. Fable, in the hands of this great 
genius, feemed a rod dipped with fo much art in 
the gall of fatire, a» fo have none of its bitternefs 
or feverity. Nathan reprefented to David the enor* 
mity and injuftice of the crime he had committed^ 
in regard to Uriah, only under the veil of an in- 
ingenious allegory ; which produced a greater and 
fpedier effe£l on the mind of the Monarch than if 
the prophet, arming himfelf with the thumiScr of his 
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eloquence, had pointed out to him, in a direct mai)^« 
ner, the horror of his offence. 

Does not Solomon defire the fluggard and the- 
fpendthrift to confider the ways of the ant; amt 
does not iEfop feem to have borrowed from this idea 
his fable of the ant and the grafshopper? That great 
prince, in delineating the portrait of true wifdom^ 
paints her in faying, *• To underftand a parable^ 
and the interpretation, the words of the wife, and 
their dark fayings." 

Mental amufements then have been efteemdd, In 
all ages, and by perfons of every condition; and 
the pleafure they excite is the purer as they afFe£l 
only the niore delicate parts of the mind. The 
human Intelled, as is well known, has its peculiat 
pleafures : every thing that increafes knowledge, 
pleafes arid e^xalts it ; we are always gratified whetl 
we comprehend a difficulty which has checked the 
progrefs of others, or have Unveiled a myflery, 
concealed from pierforis poffeffed of leifs penetratipn, 
than ourfelves. 

Befides, tliefe amufements, purely intelleflual, 
may be enjoyed at little expenc6 ; they do not fatigue 
the body^, on which they make no impreffion j ^ni^ 
oil this accbunt, tlfiey ought to be preferred to 
ferifual pleafures, the enjoyment of which creates, 
difgufl, injures the health as well as fortune, and 
almoft always deranges the econpmy of a peaceful 
and tranquil life. 
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The clafs of Mathematicians has always arrogated 
the right of treatirtg of mathematical and philofo^ 
phical recreations. In eompiling the piefent cofc. 
leftion, Ozanam, and thofe who have written on 
the fame fubjeft, have been my guides ; and froni 
their works \ hs^ve felefled the greater part of wh^t 
I now offer to the public ; for thefe amufements 
are the produftion neither of one man, nor one age, 
but of a great numbcx; of the learned, of artifts, and 
of many ages of refearch and of obfervation. 

By the long experience I have had, I am induced 
la hope that you^g perfons, who are often difgufled 
with the formality of lludy, and who, on that ac- 
count, fometimes conceive an averfion to the mott 
ufeful branches of fcience, will find in tloe greater 
part of the amufemeiUs which are here prefented t0 
them, fome things fuited to their tafie, and eaiy io 
be comprehended* When the firft difficulties are 
furmounted, they will become fo many fleps to 
€ondu£l them gradually, by the n^ft agreeable path, 
to the folution of problems,, which at firft may 
appear too difficuk and abftnife for their age. 

As it is impoflihle to underfland properly all thefe 
amufements without the knowledge of certain prin- 
ciples, the application of which is often neceffary, 
they are preceded by an introduftion, calculated to 
(c^litate the folution of the moll difficult problems^ 
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*^* Tlie reader is requefted to obfen'c that the 
£gures, inclofeil within parenthelis, which occur 
in the courfe of the following wort, refer to that 
feflion in the inlrodufiion, where the nccelTary ex- . 
planation will be found. 
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1. T^klFFERENT fymbols or figns, eftablinicd 
■J*-^ by general praftice, are fometimes em- 
ployed in order to fimplify calculations, and facilitate 
the refolution of certain problems. Thos, 
*i- fignifies plus or more 

•— minus or le£s 

7= ••• equal 

> ...• greater ^ 

^ <5 lefs 

X multiplied by 

-r* divided by* 

Thus, it may be eafily conceived that fi *4- 3 :=: 
5 ; that 3 — 2=1; that 3 ^ a ; -that 2 < 3 > 

and that 18 ~ 3 or V' = 4* 
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Of FraSions. 

£. Befides the application of the common rules 
to whole numbers, with which every body is ac- 
quainted, it is fometimes indifpenfably neceflary 
to perform the fame operations with fra£liona]l 
numbers. 

A FraQion is one or more parts of a whole. 
Every fra6lion is expreflfed by two charaflers, 
placed one above the other, with a line between 

them, in this manner : -, ?•, &c. The upper 

chara&er, which is called the numerator^ exprefles 
how many parts are takeiuof the ^whole ; and the 
other, called the denominJ|^, denotes the quality 
of thefe parts. Thus the fraflion i fignifies that 
the whole is. divided into fourths, and that 3 of them 
are taken. 

It hence follows, that a fraQion is greater accord- 
ing as the numerator is greater ; and, on the other 
hand, lefsv as the denominator is greater. | Thus 
T > -^ ; i < i* 2y * neceffary-'iprfequence all 
fraftiftns, the two charafters of which are equal, 
denote exaftly the fame vahae : | =2: 7 c= y = f 

&c. 

3. To reduce a whole number to a fraQion, which 

ifaall have a determinate denominator, we muft mul- 
tiply the whole number by the given denominator, 
and place the produ6): above the latten Thus 8, 
reduced to a fradion, having 3 for its denominator^ 
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1$ V ; ^od 5 redi|ce4 to ^ fraflipn haying the fame 

dcnpmin^tQr as y, is V . 

4. To red^cQ twoira^Io^s to the fame denomi-i 

nator, the numerator of the firft muft be multiplied 

by the denominator of the fecond, and the nume- 

FatoF Q^ the fecpnd by the denominator of the firft : 

thefe twQ pr.oduBs will be the numerators of the 

.^\fo new fr^flions^ and the prodii£l oC the two de-> 

nomipaXors will be the conmion denominatoi;. Thus 

4 and f , rjeduced to, the fi^ine denominator, give 

•j-y and 1^, Any numbex- of fra&ions may, in lifce 

planner, be ^-educed* to* a commpn di^nomiiiatqr, 

provided that* each mjmerator be multiplied by the 

denominators of thse^ other fraflions, and that the 

prod.u6); of ^I t^ie d^enominators^be taken for a com<* 

Hion denominator.. Thus, for example, the three 

feaflions ^, |, -f-, when reduced to the famq dj^non 

21, 56, 36 



jgninator, give 



84 



5. To add two fraflions, we- muft firft redlice 
them t^ a conimon denominator, and then add their 
numerators. * Thu^'the fum' of the two fractions f 

and 7, is 



21 



20 



35 



4 1 



6. To fubtrafl: one fraftion from another, they 
muft firft be rculueed to the fame denominator, and 
the numerator of the lefe muft then be taken from 
the numerator of the greater. Hence the difference 
of the fmftions f and | is -j*j. 

^ 6 
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7. To multiply two fra£lions together, wetnuft 
make a new fra6lion, the numeratpr of which (hall 
be the produ£l of the two numerators, and the 
denominator the produ6l of the denominators. 
Thus the produft of f by | is -^. 

8. To divide one fraftion by another^ we muft 
make a fra6lion, the numerator of which (hall be 
equal to the produ£l of the numerator of the firft 
multiplied by the denominator of the fecond ; and 
the denominator equal to the produ6l of the nume- 
rator of the fecond multiplied by the denominator 
of the firft. The quotient of -f- divided by 7 will 
therefore be i, • 

9. Sometimes it is neceflary to Amplify a fraftion, 
by reducing it to its ilmplefi expreflion, or what is 
called its loweft terms : nothing is neceflary for this 

* purpofe, but to divide thie numerator and denomi- 
nator by the greateft common meafiire -or divifor. 
Thus the fraftions |- and -^, reduced to their fimple A 
cxpreflidn, give i and j-. ^ 

Of Powers. 

10. By the power of a quantity, is underfiood 
its produfl: by unity or by itfelf a certain number 
of times.'. ."IJi^JUs, the firft power of 2 is 2 ; its 

' fecond poWer£>r fquare is 2x2; its third power or 
cube, is 2 X 2 X 2, andfoon. Hence it is evideift 
that, to obtain any power whatever of a given quanti- 
ty, it muft be multiplied by itfelf as many times lefs 1, 
as are equal to the number which denotes that power. 
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The pbwer of any quantity is expreflfed fpraetimes 
algebraical ly, or numerically, by the figure which 
denotes its degree, as in the following examples: 
fl*, a^t a^, a*, &c. 4*, 4*, 4', 4*, &c. 

1 1 • An algebraic charafter is fometimes accom- 
panied by two figures, as 2^'. The firft of thefe 
is called the coefficient, and the fecond the exponent: 
the former denotes how many times the quantity is 
added to itfelf ; and the fecond indicates the power. 
Thus, the value of ^, being fuppofed equal to 3, we 
fhall have 2^3 =1 54. 

12. By the root of a quantity, is meant a number 
which being multiplied one or more times by itfelf, 
will give that quantity. There is therefore ^Jifuare 
root, cute root, &c. 

The different roots of quantities may be ex/i^>eflbd 
by the following figns : ^, ^, (/, in this manner 
t/tf, i/a, t/^, y/16, ^27. 

13. We {hall now (hew how to extras the fquare 
' root of any quantity ; that is to fay, how to find 

a number, which being multiplied by itfelf, will 
give that quantity, if it be a complete fquare, or at 
leaft the greateft fquare which it contains. 

EXAMPLE I. 

. Let the number, the fquare root of which is 
required, be 1 156. Firft divide this number from 
right to left into periods of two figures, and then 

. procc^ as folio w5,» : . . 
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Find the greateft fquare cpntained <». 56(34 

in u, which is 9, and writedown 9 

its root 3, as feen in the aanex^ ex- ^ I ^^^ 
ample. Square 3, which gives 9, -^ — 
fubtra£l it from it, and the remainder will be 3w 
Then bring down ihp next period, which is £6, that it 
aiay ferveasadividecid along withlhe figure 2 onits left., 
Take 6 as a divifor, that is to lay, the double of the root 
'8 already found ; place it wi the left, anj find 
how often it is CMitained in • j ; tb« quotient will 
be 4, which mtiA b« written down in the rogt after 
g; and alfo after 6-, the (tivifor, which will give 
64. Then multiply the la(l numbjar by the fecood 
root 4, and the produ^ wjlftje 3^6, As there is^ 
no remainder, it is a proof that 1156 is a perfeft 
fquare, the root of which is ^. Had the laft pro- 
duft been too large to be fubtrafled, it would havt 
been neceffary to diminifh the laft figure in the rootj 
in order to make it Imall enough for that purpofe.. 

EXAMPLE II-. 

What is the Square Root of the Number 214369? 

As in the preceding example, we mud firft divide 
the number into periods of two, from right to left, 
and there will be as many figures in the root as there 
are periods. 

Then as the greateft fquare contained in 21 is 16 
(he fquare root of which is 4, whte down the 4 in, 
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the root ; fquare 4, which will 

give 16, and having fubtraa. * J' 43. *? ( 4^3 

cd it from 2 1 , the remainder ^^ . 

will be 5* Bring down the g ci6" 
following period 43 > which ^23 ) 2760 
with the preceding figure 3 _^7^9 
muft be divided by the 
double of the root already found, that is to fay, b^ 
8. The quotient of 54 divided by 8 is 6, whicH 
muft be placed after the firft root 4, and alfp after 
8 the divifor ; then multiply 86 by 6, and fubtra£L 
the produfl gt6 from 543. Place the remainder 
27 under 516, and bring down the nejtt period 60^ 
Take, as the divifor of 276, the double of the two 
roots already found, which is 92* Divide 27 by 
. 9, and place the quotient 3 in the root after 46,, and 
alfo after 92. Then multiply 923 by 3, and if 
the produft 2769 be fubtrafted from the" number 
2^6^f there will be no remainder. The truth of 
thi|i operation Ihay be proved by fquaring 463 ; 
that is to fay,^ by multiplying it by itfelf* 

After the laft fubtraflioBt if any thing remaias^ 
it i$. a proo&th»t» though the root fouad is not 
exa^ly the real root, it does not want unity to be 
fo ; but if it were required to approach ftill nearer 
to the real rpot, nothing would be neceflary biit to 
reduce the remainder to decimals, and to continue 
- the operation, taking care to feparate the whole 
^lumbers in the root iroxn the decimals 1 Howcveic^ 
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 8s we propofc here only to give a few .^ufing 
ijjtQblems, there will be no neceffity for carrying 
tlie^ extraftion of the fquare root beyond whole 
numbers. 

Of Equations. 

1 4. As certain queftions cannot be eafily refolved 
without fome knowledge of analyfis and equations, 
we fliall here give a (hort explanation of them, and 
fuch as may he eafily underftood. 

By equations is meant the appUcation of numeri- 
cal' and algebraic rules to the foUition of different 
que ff ions, which may be propofed refpeCling 
quantity. 

The firft and moft difHcult thing in analyfls, is to 
comprehend properly the flate of the queflion, and 
the relation which the known quantities bear to the 
unknown, in order that they may be clearly ex- 
prelTed in an equation. 

Every equation is compofed oF two memt)^s, 
fcparated by the ftgn =^ ; and each member may 
conCft of feveral terms. An example of the whole 
may be feen in the following ^qvations : 
7=3+4; 8 — 5=2 + 1; 3x4 = 12; 1 = 3. 

There may be equations alfo conlifting of alge- 
braic quantities alone, or in which arithmetical 
quantities are mixed with algebraic ones, as in the 
following : 
j(-J-^ = «i * — _yz=<i+f; 3a— ^ = 4^ — 2*. 
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General Rules in regard to Equations. 
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RULE I. 

^S. Any quantity may be tranfpofed froni one 
member of an equation to another, without dei 
ranging the equation, provided that the figns be 
changed. 

Thus, as 12 — 3 =: 9, we may write 12 my 
-+- 3. For the fame reafon if a — x-^ ^b zzzd — jv#. 
we fhall have a ^y — rfssr^-— 3^. 

This method of operation, in regard to equations^ 
is called tranfpofition^ and i$ employq^. when iris 
neceffary to free one member of an equation from 
any quantity connefted with it either by addition or 
fubtraftion.  

RU/LB II» 

16. When an unknown quantity is involved in 
an equation either by multiplication or divifion, it 
may be difengag«i from it, in the firft cafe, by divi- 
fion ; and in the fecond by multiplication. 

For example, if %k -^z 3, then x = - ; and if Z 

. 3 3 

s=: 0, then y ri ^a^ 

This metl^od of difengaging an unknown quantity 
will be more eaflly comprehended, if we- give deter- 
minate values to the quantities « and b. If we sup- 
pofe, for example, that h =5 12» and a = ^jl^ ^^^ 
equations above mentioned will be recUH^Sa to the; 
following, X =r y = 4, y:=zi 24. 
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17. It appears therefore, that the whole art of 
analyfis confifts, firft, in comparing in the equations, 
the unknown with the known quantities, and difen- 
gaging them from each other by the means already 
pointed 6ut« in fuch a manner^ that the known quan- 
tity may remain aloQe in one meokbier oi the equa* 
tion, and the unknown in the other. 

To faciKtate tlie foiutioa of. algebraic queftions^ 
4he unknown quantities are generaUy denoted by 
fome of the laft, letter* of the alphabet, x^y, z; anxj 
|he known quantities by fome o£the firil, as a» if c^ 

Of Ration and Proportions. 

18. Relation or Rdtio is what refults from the coi»-^ 
parifon of two quantities. As two quantities may b# 
compared with each, other two ways, ratio is diflin*^ 
guiilxed into two kinds, arithmetical ^pd geometrical., 

Ariikmetical relation y is that- of two quantities, 
compared with each other by fubtjjtftion^ 

GeometricaJ relation ^ is that of two quantities €om« 
pared with each other by divifion. 

Thus, for example, the arithmetical ratio of i9 
to 4 is 8 ; and the geomeCric«l« ratio of the iame 
quantities, is 3; fot |2 — ^ 4=2; 8, and V z=n 3. 

19. Proportion is an equality oi ratios. As there 
are two kinds of ratio^ tlwe are alio two kinds of pro- 
J)orti»u,^ .arithmetical and geometrical : the firft con- 
fifts in an equality of differences,, and the (^cond la 

n equality qf quotieats^ 
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Every ratio is cxpreffed by tw terms^ the firft of 
^hich is called tb^ ^ni^cdenty mi thq fecond the 

Two e(judl ratios form a proportion;^ \v^hi<:h i^ 
either arkhiuetical or geometrical, according as tbey 
contain either the fame difference or the fame quo* 
tient» Thus 3 • 5 *•* 7 • 9,. expreflesan arithmetical 
proportion ; the meaning of which is, that 3 is arith^. 
meticaily to j, as 7 is to 9; and & : 3 : : 16 : 8, ex*- 
prefles a geometiical jproportion; the meaning of 
which iSy that 6 is geometrically to 3, as 16 is to 8<: 

The firft and laft terms of each of thefe proportions 
are called the extremes ; and the other two, the means. 

so. Proportion is continued when the fame term 
is the confequent of that which precedes it, tooA tht 
antecedent of that \^hich follows it. Thui the two 
following proportions, ine of M^iich is arithmetical^ 
and the other ^»>metrical, are continued, vix. 4^ 
8 • 5 • 7 » "H- 4 i 8 : 16. The meaning of which is, 
3 • 5'-' 5 -7 5 4 : *:: 8 xiS. 

When a^continued proportion has more than thi:ee 
terms, it is called a progreffion. Thus -r- t • 3 • 5 •• 
7 • 9 is. s^l arithmetical progreflion, and -rr 4 • 8- ; 
t6 ; 32 : 64 is a geometrical progreffion« 

\ 

Properties of arithmetical Proportion and ProgreJ^on% 

THliOREM I, 

at. In every arithniieticat proportion, the fum of 
he extremes^ is equal to thaj of the nxeaps^ 
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If 3-5 *•• 7 • 9» orp . 6 ••• 8 .5, 

Then 3 + 9 = 6 ■+" 7» ^^ 9-^ 5 = 6 + 8. » 
It hence follows, that when three terms of an 
arithmetical proportion are, known, we may«eafily 
find the fourth; for if the unknown tQrra be an ex- 
treme, it will be found by fubtrafting the other ex- 
treme from the fum of the means ; smd if it be one 
of the means, by fubtra£liiig the other mean from 
the fum of the extremes. 

If a . b *r c . Xt or if 4 • 4f ••• 3 . 8, . 

li + c — azszx M + 8 — 3=* 

It hence follows alfo, that if two terms, as a and ^, 

are given, a third arithmetical proportional to them 
may be eafily found, in order to form an arithmetical 
progreflion. For if we fupjpofe the required term tp 
be Xf we ihall have : % 

••• a . b , X 

{a , b •*' i , X 
a-^- x-=zb^b^srz^b (20} 
xzzz2b — a, (14) 

X^onfequently, to find a third arithmetical propor- 
tional to two given terms, we muft fubtraf); the firft 
from double the fecond. Thus, the third arithme- 
■^tical proportional to 3 and 7, will be 14 — 3 = 1 1 ; 
and indeed ••• 3 . 7 . 11. 

An arithmetical mean proportion;al between two 
given terms, fuch as a and b^ may be found with equaf 



I INTRODUCTION. 2t 

cafe ; for if the required mean be denoted by k^ we 
{hall have 

••• a • X .h (20) 



Then 




Which indicates, that an arithmetical mean propor- 
tional to two quantities, is equal to the half of thefe 
quantities. Thus, the mean proportional between' 
9 and 13, is 11 ; for •.* 9 . 11 .13. 

THEOREM II. 

' 2 2. In every even arithmetical progreffion, ^hp 
fum of all the terms, equally diftant from the ex- 
tremes^ taken two and two, is equal to that of the 
extremes ; and if it be odd, the fum of the extremes, 
or of any two terms equally diflant from the ex- 
tremes, is the double of the mean term. 

» • 

CASE I. 

^f ^ 3 -5 • 7 ' 9-^1 •i3» 

Then (5+^^ = 3+13 
I7+ 9 = 3 + 13 

CASE II. 
If -T 2 . 4 • 6 . 8 ^ 10^ 
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In tbe fir ft cafe, the fum of an arithmetical fltd^ 
greffion, h equal to the produft of the fum of the 
Extremes multiplied by half the number of terms ; 
and in the fecorid, to the produ^ of tbe mean mul* 
tiplied by th6 number of termsv 

tHEOREM IIIv 

63. la every arithmetical progreffion) any terfii 
whatever is equal to the fir ft and as many times thi 
tommon difference as there are term^ before it. 



2 + 3x4 




2 + 3 ^ 3 
2 + 3x2 

it heftce follows, that we may eafily find the 
Value of any term of an arithmetical progreflion*, 
the firft terta, the common difFereace and the nura^ 
ber of term^j of which are knowi)*. 

For example, the iaifttehnof an arithmetical 
progreffioii, the firft term of which is 5 and the 
common difFetence 3^ will be 365 ; for 5 ^q x 126 

365- 



properties of Geometrical Prdportidn diidProgr^oii. 

TriEOREM I. 

24. In every geometrical proportion, the produ^ 
l>f the extremes is equal to that of the means; 

If 3 I 6 t t 4 t t^ 
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Confequently, the fourth term of a geoirtietrical 
j)ropDrtion, the othier three of which are knowni 
may be eafily idani ; for if the required term be ^m 
extreme, it will be equal to the produ6l of tha 
means divided by the other- extreme ; and if it be a 
mean, it vill be equal to the :pr(Klui& of the ex* 
tremes divided by' the ot^jier Meam ^ 

If -a : 4 : : 3 '*x 

Then i ^^£X^_.g 

If 2 :j/ : ; 3: 6 I 

^henX 2 x'e ,_ 

Two terms being given, a thirds geometrically |>i^o^ 
portional to them^ may be eafily found, in order td 
form a geometrical progreffion. Let us fuppoft 
that a third prpportional is required to the- terms a 
dnd ^, and that the term fought is denoted by ^4 .W^ 
Aall then have 

b : : b \y 
*rhen 

Confequfently,' to -find a third terni^ geohT^trically 
l}ropdrtional, w^ hiuft divide the fquare of the^ 
fecond, or Its prodiiS by itfelJF, by the firft termi 
Thus the third geometrical, proportional to 3 and1?| 
Will be.— ^ z=z 12 J and indeed -j^ o : g j 12* 
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A mean geometrical proportional between two 
terms, as a and i, may be found with equal cafe ; 
for if this term bft called jf, we fliall have : 

fxx or x^ zizzdb . 
Then < \/xxz=z\^ab ^ 
^ x = y'^^ 
Thus, if we fuppofe a z= 2, and ^ = 8 ; * will be 
equal to the fquare root of i6, which is 4. And 
indeed -H- 2 : 4 : 8. 

THEOREM II. 

25. Any term whatever of a geometrical pro^ 
greflion is equal to the produft of the firft'^tem^ 
multiplied by the common ratio, raifed to that power 
the exponent of which is equal to the number of 
terms before it. 

Let the geometrical progreffion be -f-r 2:4:8: 
16 : 32 : &c. 

The fifth term 32, for example, is equal to the 
produft of 2, the firft, multiplied by 16, which i^^ 
the fourth power of the ratio 2« 

THEOREM III. 

a6. in every geometrical progreffion, the fecond 
term, lefs the firft, is to the firft, as the laft, fef* 
the firft, i« to the fum of all thofe which precede 

If 4r 2 : 4 : 8 : 16 : 32 : &c; 
Then 4 — 2 : 2 : : 32 — 2 : 2'H- 4 + 8 4- 1^- 
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« 

i2tt& of Three. 

27. The Rule of Three /v& an of^eration by which, 
when three terms of a geometrical proportion arc 
known, a fourth, not known, may be found ; and 
it is called Jire3 when the fimiiar' terms increafe 
in the fame ratio. For ej^ample ; if four men per-* 
form fix yards of work in a certain time, it is evi^ 
dent that a greater number muft perform more in 
the fame time. Oil the other hand, if the fimilar 
terms, inilead of increafing in the fame ratio, muft 
decreafe, the rule is called inverfe^ as is the cafe 
in the following example ; if four men perform a 
certain work in eight days, a greater number bl men 
muft perform it in a time proportionally lefs. 

The rule of three di^reS, and the ,rule of three 
inverfe, may be exprefled by the following for* 
mulae : 

Men Men Yards Yards 






Men Men Days Days 

3 : 6 : : /r : 8 

The rule of three is compound or fimple, accord- 
ii\g as the terms are compound or fimple; For 
example, the above two formulas exprefs each the 
fimple rule of three. But if it were required to 
divide the profits of a commercial company among 
feveral partners^ who have advanced certain capitals* 

G 
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for different periods of time, it would be neceffary 
to multiply the capital of each partner by the time, 
which would render the rul€ the compound rule^ of 
three. 

As the rule of three is only the application of thd 
formulae of Theorem ift (23), it is needlefs to 
enlarge farther on this fubje£t. 
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ARITHMETIC and Geometry, according to 
Plato, are the two wings of the mathematician; 
and, indeed, the objeft of all mathematical quef^ 
tions, is to determine the ratios of numbers or of 
magnitudes. It may even be fald, toi:ontinue the 
comparifon of the ancient philofopher, that arith* 
metic is the mathematicians right wing ; for, it is 
certain, that geometrical determinations would ofteil 
a^fibrd very little fatisfa£lion to the mind, if tlie 
ratios, thus determined, could not be reduced to 
numerical ^ratios. This juftifies the common prac«^ 
tice of beginning with arithmetic. 

This fcience prefents a wide field for fpeculatioft 
^d curious refearch ; but in the prefent fele&ioHf 
we iKall confine ourfelves to fuch things as are beft 
calculated to excite the curiofity of thofe who have 
% tafte for the mathematics, and who feek for recre* 
ations that may enable them to refume their moiir 
lexious ftudies with greater fuccefs. 
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Of our Numerical Syjltm^ and tht different kinds 

of Arithmetic. . 

It has been generally obfervcd, that all the nations 
with which we are acquainted, reckon by periods of 
ten ; that is to fay, after having counted the units/ 
as far as ten, tney begin again by adding units to a 
ten ; when they attain to 20, they add units as far 
as 30, or three tens, and fo on in fucceflion, till 
they come to 100, or ten tens ; of ten times a 
hundred they form a thoufand, &c. Did this arif& 
from neceflity ; was it occafioned by any phyfical 
caufe ; or was it merely the effeft of chance ? 

No one, after the leaft refleftion, will be inclined ' 

to afcribe it to chance. It is not only probable, but 

might almoft be proved, that this fyftem derives its 

origin from our phyfical conformation. All men 

have ten fingers, a very few excepted, who by fome 

lufus naturce have twelve. Tfhe firft men began to 

reckon on their fingers. After having exiynufied 

them" by counting the units, it was neceffary for 

them to begin and to count them again, till th^y 

had exhaufted them a fecond time ; then a third 

thne, and fd on. Hence the origin of tens ; which, 

being confined to the fipgers, could not be ca,rried 

beyond the number of ten without forming a new 

tdtal, called a hundred ; then another, confifting of 

ten hundreds, called a thoufand, &c. 

A''<;urious confequence hence follows ; which is, 
that if nature,' inllead of 10 fingers, had given us 
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ta, our numerical fyftem would have been different. 
I After lo, inftead of faying ten plus one or eleven, 
we fliould have afcended by fimple denominations 
to twelve, and fliould have ' then counted twelve 
plus one, twelve plus two, &c. as far as two dozens. 
Our hundred would have been twelve dozens, a 
thoufand twelve times twelve dozens, &c. 

A fix fingered people, in all probability, would 
have had an arithmetic of this kind, which indeed 
would not have been inferior to that now in ufe, or 
rsrh?- «*'o"'*J Haw* h^^n atti»nAt»A witU ^VAA aQvanl* 

ACttAiWA *• \^4«««<» I«3 « w k»<»w.A ~ ...«.<^ >••»&! &V/11IW aUVMl'* 

\ 

tages, which our prcfent numerical fyftem does not 
poffefs. 

' This method of numeration would have been as 
expeditious, and even more fo than that now unK 
Verfally received. The number of charafters, 
which would have been encreafed only by two, to 
exprefs ten and eleven, would have been as little 
turthenfome to the memory, as the prelent charac- 
ters; and this fyftem would have poffeffed fome 
advantages', which ought to give iis reafon to regret 
that it was not originally adopted. 

This, however, woUld no doubt havebceri the cafe, 
had philofophy prefided when the fyftem WtM firll 
formed ; as it would have readily been feehtbal 12, 
of all the numbers almoft between i and 20, poffeffes 
the advantage of being fmall, and of having the 
. greateft number of divifions, viz'. 2» 3; 4, and 6, 

. C3 
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by which it can be divided without a remainder 
JBefides, in this fyftcm the periods of numeration 
would have had the advantage of being divifiblc^ 
the firft from one to twelve, by a> 3, 4, 6; the 
fecond, from one to a hundred and forty-four, by 
^» 3* 4» ^» 8, 9, 12, 16, 94, 36, 48, 72 ; whereas, 
in our fyflem, the firft period from one to ten has 
only two divifors, ft and 5 ; the fecond from, one 
to a hundred has only feven, viz. 2, 4, 5, 10, 20, 
25. 50, confequently frafiions would have lefs 
frcqucmly occurred in iiumerical operatiqns. 

But what would have been particularly convenient . 
in this mode of numeration, is, that it would have 
introduced into all meafures the duodecimal divifions 
and fubdivifions. Thus, as the foot is divided into 
12 inches, the inch into if lines, and the line into 
twelve points ; the pound, in the like manner, would 
have been divided into 12 ounces, the ounce into 12 
drams, the dram into 1 2 grains, or other denomln 
nations at pleafure ; the day would Have bee^ 
divided into it portions, called hours; the hour 
into 12 others, which would have been equal to iq 
ininutes ; and each of thefe into 12 inferior parts; 
tnd fo on in fucceffion. 

Should, it be afked,' what would have been the 
advantage of this diviPion, we might reply as fol- 
lows : Jt is well known that when it is neceflary 
to divide any meafure into 3, 4, or 6 parts, a whole 
number of meafures of the lower denomination can« 
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not always be found, or are found only by chance. 
Thus, the third or tenth of a pound avoirdupois 
does not always give an exa£l number of ounces ; 
and the third of a pound fterling does not give an 
exa£l number of fliillings. The cafe is the fame 
with the bufliel, ,and the greater part of other mea- 
fures. Thefe inconveniences, which rendqf calcu- 
lations complex, would not have occurred, had the 
duodecimal progreflion been univerfally adopted. 

Steviii, a Dutch mathematician, propofed to adapt 
the divifions and fubdiviijons of all meafures to 
the fyftem of numeration fince adopted by the 
French, making them to decreafe in decimal pro* 
grefBon. Thus, the fathom .would have contained 
10 feet, the foot 10 inches, the Inch 10 lines, &c. 
This method,* however, though attended with fome 
advantages, is lefs perfe£l than the duodecimal, as 
it gives rife to a greater number of fra£lions. 

A great many fyftems of arithmetic have been 
propofed, fuch as the binary, ternary, quaternary, 
&c ; and d^ven the duodenary ; but there is no greal^ 
reafon to believe that any of them will ever be ad- 
mitted into practice. 

But we fhall add nothing farther on the fubjeft ; 
for, as ufeful recreations are the obje£k of this coU 
leflion, we mult exclude from it every thing top 
complex, or of too frivolous a nature. 

C4 
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We fuppofe that the reader is fufficiently well 
acquainted with arithmetic, botK in whole and frac- 
tional numbers^ (2), to be able to comprehend 
every thing that relates to iu 

Of fomt Properties of Numbers. 

Undj^ this head, we do not comprehend thoTe 
properties of numbers which engs^ged fo much the 
attention of the ancients, and to which they afcribed 
fo many myfterjous virtues. Every one, whofe 
mind is not tinfiured with credulity, muft laugh to 
think of the good canon of Cezene, .father Bungo, 
coIIeClittg into a quarto volume, entitled De myjlcriis 
numerorum^ all the ridiculous eonceits. which 
Nichomachus, Ptolemy, Porphyrius, and fevenki 
more of the ancients, childifhly publiThed in regard 
td numbers. How could it enter the minds of 
teafonable beings to afcribephyfical energy to things 
purely metaphyiical ? For numbers are mere con- 
ceptions of the mind, and confequently can have no 
influence in nature. 

None, therefore, but old women, or perfons of 
weak minds, can believe in the virtues of numbers. 
Some entertain a notion, that if 13 perfons (it at the 
fame table, one of them will die in the courfe of 
the year ; but there is more probability that one 
will die in the fame time, if the numbor be 24. 

The feries 1 2 3 4 5 6 7 9 is of fuch a nature, 
that it may be multiplied by certain numbers, (he 
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{nroduEl of-which fliali confift of* twos, threes, or 
fours, &c. at pleafure. 

• To find a: inukiplier which flialJ give fimilar 
figures in the produft, 9 muft be privately muhi. 
plied by 2, 3, or 4, according as it is required to 
have .twos, threes, or fours, in the produ3. 

For exatnple, if it be required that the produft 
fhall contain only twos, we mull multiply 9 pri* 
vately by 2, which will giv€ 18 for the multiplier 
of the feries. If we multiply the fame number by 
3,' we (hallhave 27 ; if by 4, we fliall have 36, &c. 

If the feries, therefore, lie multiplied. fucceffively 
by 18, 27, 36, the produQs will be compofed of 
twos, threes, fours, &c, 33 may be eafily proved 
by trial. 

If the number 37 be multiplied by any of thfe 
terms of the arithmetical progreiSon 3, 6, 9, 12, 
,&c, all the produ£ls will confift of fimilar figures, 

37 37 37 

3 69 



111 222 333 

We may here obferve, that the produft iii^ is 

compofed of 37 multiplied by 3; or of 7 multiplied 

by 3, which makes 21, and 30 multiplied by 3 which 

makes 90 ; the fum total being one and eleven tens, 

v^hich, according to the laws of niimbers, can be 

cxpreffed only by three units. 

It will not then appear aftonifhxng that 37 multi- 
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plied by 6, fliould give the double of thefe three 

units ; and fo of the reft. 

The number 5 has this peculiar property, that 

when multiplied by an odd number, the produQ: 

will always terminate with 5 ; and if multiplied by 

VI even number, will terminate with a cipher, 

6 5 5 ' 5 

3546 

The number 9 has this property, that the fum.of 
the figures of every number, of which it is a muUi« 
pie, form% a multiple of 9. 

Thus, the produ£l of 17 multiplied by 9 is 1531 
and the sum of thefe figures i + 5 -4- 3 =: 9. In 
the like manner, the fum of the figures S^yj^ which 
is the produA of 753 multiplied by 9, is equal to 
^7, a multiple of 9. 

This will not appear aftonifliing when we refleO, 

 

'that twice 9 is equal to 18, three times 9 = 27, &c; 
where it is evident that the tens and units of the pro* 
iiuft are always reciprocal complements of 9. 

If we take any two numbers whatever, one of 
them, or their fum, or their difference, will always 
be divifible by thrcfe. This may be fo eafily proved, 
that it is needlefs to illuftrate it by examples. 

Every fquarc number muft neceffarily terminate 
with two ciphers, or by j, 4, 5; 6, 9; and this 
may enable us to determine, at one view, whether 
a numerical quantity be a fquare or not. (loj 
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The number 2, of all the whole numbers, Is the 
only one the fum and produft of which are equaK 
Thus 2+2 = 4, as well as 2 x 2* But in frac- 
tional numbers we can find other two quantities, the 
fum and produ6l of which are in like manner equal. 

For this purpofe, the fum of the two numbers 
muft be divided by each of them feparately. The 
two fraftions which thence arife, will give the fame 
quantity, both when added and multiplied. (5, 7.) 

If we take the two numbers 2 and 5, and divide 
their fum by each of them feparately, the two frac- 
tions -I, ^, will give the fame refult when added, 
as well as when multiplied. This may be' eafily 
proved by any perfon in the leaft acquainted with 
vulgar fraftions. (a). 

Every fquare number (10) is divifible by 3, or 
becomes fo when diminiflied by unity. This may- 
be eafily proved with any fquare number whatever. 
Thus, 4—1, 16 — J, 25 — 1, 49 — 1, 121 
— 1, &c, are all divifible by 3 ;' and the cafe is the 
fame with the reft. 

Every fquare number is divifible by 4, or becomes 
fo when diminilhed by unity. 

Every fquare number is divifible alfo by 5, or 
becomes fo when increafed or diminiihed by unity. 

Every odd fquare, diminilhed >by umity, is ar 
multiple of 8. 

Every power of 5 tentiinatee wi^ 5, and cveiy. 
power of 6 yitb 6, (10) 
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PROB. To Jind Two Numbers^ the Squares of 
which^ if added together ^ Jhall form a Square 
Number* 

If any two numbers whatever be multiplied to- 
gether, the double of their produft will be one of 
the two numbers fought; stod the diflFerence of their 
fquares will be the other. 

Thus, if the numbers 2 and 3, the fquares of 
which are 4 and 9, be multiplied together, their 
produft will be 6 : if we then take 12, the double 
of this produft, and 5 the difference of their 
fquares, we (hall have two numbers, the fum of 
the fquares of which will be a fquare number ; 
for their fquares are 144 and 25, which by addition 
give 169, the. fquare of 13. 

Of Arithmetical and Geometrical Progrejjion^ with 
foihc Problems which depend on them* 

J 1. Arithmetical Progre/fiony with an Explanation 
of its Principal Properties. 

Any feries of numbers, continually increafing or 
decreafing by the fame quantity,, forms what if 
Called an arithmetical progreffion. ^19) 

Thus, the feries of numbers 1, 2, 3, 4, 5, 6, &c, 
w i» 5. 9. 13» &c, or ^o, .18, 16, 14, 12, &c, 
or 15, 12, 9, 6, 3, are arithmetical progreffions ; 
fpr, in the firft, the difference between each term 
and. the following one, which, exceeds it, is always 
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S ; in the fecond it is 4 ; it is 2 alfo in the thirds 
whidi goes on decreafing, and 3 in the fourth. 

From this definition of arithmetical progref&on^ 
ihe following confequences may be deduced. 

ift. Any term of an arithmetical progreffion, is 
equal to the firft» plus the common .difference taken 
as many times as there are terms before it. (92) 

2d. The fum of the extremes, is -always equal to 
the fum of any Itwo terms equally 'diftant from 
th^m ; or double the mean term, if the progref&on 
contains an odd number of terms. (21) 

3rd. If the fum of the extremes be multiplied 
by half the number of terms, when the terms are 
even, or the mean by the whole number of terms 
when the latter are odd, the produfl: will be the fum 
of the progreffion. 

By confidering with a little attention the following 
progreflions, the truth of thefe confequences will 
be readily perceived : 

T" 2 • 5 • 8 . 11 . 14 . 174 
'^ ^ ' 3 ' 5 - 7 * 9- 
Prob. I* If a htmdredjlones are placed in ajlratghi 
line, at the dijiance of a yard from each others 
tkefirji being at the fame dijiance from a hafket ; 
how many yards mujl the perfon walk^ who 
engages to pick them up^ one by one, and td 
put them into the bafketf 
It is evident that, to pick up the firfl ftone, and 
put it into the balket, the perfon muft walk two 
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yards ; for the fecond he muft walk 4 ; for flie third 
6, and fo on increafing by two, to the hundredth. 
^ The plumber of yards, therefore,, which the per- 
fon muft walk, will be equal to the fum of the pro« 
grefEon 2, 4, 6, &c, the laft term of .which is 
«oo (22). But the fum of the progreffion is equdi 
to 202, the fum of the two extremes, multiplied 
^y 50f or half the number of terms; that is to 
fay 10100 .yards, which makes more than ^f 
miles. . • , 

Prob. II. A gentleman employed a bricklayer to 
Jink a well^ and agreed to give him at the rate 
^ Zjhillings for Jhe firji, yard in depth, ^for 
the fecond^ jfor the thirds and fo on, increafing 
to the twentieth, where he expeSedto find water : 
how much was due to the bricklayer when he 
had completed the work f 
This queftion may be eafily anfwered \y the rule* 
before given , for the difference: of theterms is 2, and. 
the number of terms 20^; confequently, to find the 
twentieth term, we mull multiply 2 by 19, and add 
38, the produft, to the firft term 3^ which will give 
for the twentieth term 41. (22) 

If we then add the firft and laft terms, that is to 
fay 3 and 41, which will make 44, and multiply 
this fum by 10^ or half the number of terms, the 
produft 440 will be the fum of all the terms of the 
progreffion, or the number of fhillings due to the 
bricklayer, when he completed th6 work. (21) 
He would therefore have to receive 22l. 
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pROB. Hi. A merchant being confiderdbly indebi^ 

one of his creditors ^ to whom he owed 1 86o/» 

offered to give him an acquittance^ on condition 

of his agreeing to pay the whole fum in tumlvc 

monthly inftallments ; that is to fay ^ lOo/. the 

firft month, and to increafe the payment by a 

certain sum eachfucceeding month to the twelfth 

inclufive, when the xohole debt would be dif 

charged. By what fum was the payment of each 

month increafed? 

In this problem, we hav€ given the firft term 

100, the number of the terms 12, and their fum 

i860 ; but thfe common difference of the terms \t 

unknown. 

This difference may be found in the following 
manner : As the fum of the extremes, in an even 
arithmetical progreffion, is equal to the fum total, 
divided by half the number of terms, if the fum 
total i860 be divided by 6, or half the number of 
terms,' we fliall have 310 iot the fum of the firft 
and laft term, from* which if we fubtraft 100, the 
firft'term, the rAnainder a 10 will be the laft term ; 
but the laft term is always equal to the*firft and the 
common difference ta^ken as many tinies as fhe^e are 
terms before it. If we, therefoire, deduft the firft 
term 100, from 210 the laft, and- divide 110, the 
remainder, by 11, we fhall have 10 as the required 
difference. Thtf firft term being 100, the fecoad 
therefore will be 110, 4be third 12O9 &c. (fii) 
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Prob* IV. A gentleman employed a bricklayer to 
Jink a welly to the depth of 20 yards^ and 
agreed to give him ^tl, for the whole; but the 
bricklayer happening to die when he had com^ 
pleted only 8 yards ^ how much was due to his 
heirs? 

To imagine that two fiths of the whole fum were 
due to the workman^ hecaufe 8 yards are two fifths 
of the whole depth, would be erroneous ; for as the 
difficulty muft increafe arithmetically as the depth, 
it is natural to fuppofe thM the price ihould increafe 
in the fame ratio. 

To refolve this problem, therefore, 20I, or 400 

. {hillings, muft be divided into Jtwenty terms in 

. arithmetical progreffion; and the fum of the iirft 

eight of thefe will exjprefs what was due to the 

bricklayer for his labour. 

But 400 (hillings, may be divided into twenty 
terms in arithmetical progreffion a great many dif« 
ferent ways, according io the value of the firft 
term, which is here undetermined : if we fuppofe 
it, for example, to be 1 fliilling, the progreffion 
livill be 1, 3, 5, 7, &c, the laft^term of whichrwill 
be 39 ; arid confequently the fum of the firft eight 
terms will be 64 fhillings. 

But to refolve the problem in a proper manner, 
fo as to give to the bricklayer his juft du€ for the 
commeacement of the woik» we muft determine. 
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what is the fair value of a yard of work fimilar 

to the firft, and then alTupie that value as the 

firft term of the progreffion. We Ihall here fup- 

pofe that this value is 5, {hillings; and in that cafe 

ihe required progreflion will be 5, 64-4, SrVt prrt 

1 iiV* ^^rh ^^9 ^^^ common difference of which 

is' 1tt> ^^^ ^^ I^^ ^^™ ^s 3S\ 

Now to find the eighth term» which is neceiTary 

before we can find the fum of the firft eight terms, 
multiply the common difference ^^ by 7^ which 
will give i1tV« suid add this produ£l to j» the firft 
term, which will give the eighth term i6yV ; if ^c 
then add 1677 ^o the firft term, and multiply the 
fum, aiTTf hy 4. the produS, 84^9 ^iH be the 
/um of the firft eight terms, or what was due to the 
hricklayer for the part of the work he had conu 
pleated. The bricklayer, therefore, had to receive 
84tV ftiillings, or 4I. 4s. 2-2-fd. 

^2. Of Geometrical Progrefiontt^ HS^an Explafuu 
tion of their principal Properties. 

If there be a feries of numbers, each of. which 
is the produft of the preceeding by a comnion mul- 
tiplier (18), thefe numbers form what is called a 
geometrical progteflion. Thus, 1, 2, 4, 8, 16, &c, 
form a geometrical progreflion; foY.the fecond is 
the double of the firft, the third the double of the 
fecond, and fo on in fucceflion. The terms 1, 3, 
9» 27, 81, &c, form alfo a geometrical progreffion, 
each being the triple of the preceding. 
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Progreffions may be either increafing, as the t^O-d 
above mentioned, or dccreafing as the two following 
16, 8,4,48, i; 81, 27, 9,3, 1. 

The principal property of geometrical progreffion 
is, that if we take any three following terms what^ 
ever, as 3, 9, 27, the produft 8i of the extremes 
will be equal to the fquare of the mean 9. In like 
manner, if we take any foiir following terms, ai 
3, 9, 27, 8t, the produft 243, of th6 extremes, 
will be equal to that of the two means, 9 and 27. 

In the laft place, if any number of terms what« 
ever of the feries be affumed, as 2, 4, B, 16, 32, 
64, the produft of the extremes, 2 and 64, will be 
equal to the produft of any two terms equally diftant 
from them, as 4 and 32, or 8 and i6. If the num. 
ier of terms be odd, it is evident that there will be 
only one term equally diftant from the two extremes ; 
and in that cafe the fquare of that term will be equal 
to the prodirtHM^tke extremes, or of any two terms 
whatever equally diftant from them, or from the 
mean. (23, 24) 

Between geometrical and arithmetical progreffion, 
there is a certain analogy, which defer^es here to 
be mentioned, and which is, that the fame refults 
are obtained in the former, by employing multipli- 
cation and divifion, as are obtained in the latter by 
addition and fubtraftion. When, in the latter, wc 
take the half or the third, we employ in the fornier 
extraftion of the fquare, cube, &c» root&« 
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^us, to find an arithmetical mean between twa 
tinmbers, for examples and 12, we muil add- the 
two extremes together, iind take the half of 15 their 
[am, which is 7I ; but to find a geometrical mean 
between two numbers, we tnuft multiply them to- 
gether, and extraft the fquare root of their produfl : 
for example, if a geometrical mean between 3 and 
t2 be required, we muft ext raft the fquare root -of 
their produS 36, which will give 6 ; and, indeed, 
*rr 8 = 6 : 12. (23) 

A geometrical progreSion may decreafe in infinu 
ium, without ever coming to o ; for it is evident 
that any part of a quantity whatever, greater than o 
can never become o* A decreafing geometrical pro* 
grel&on may be continued, therefore, in infinitum^ 
fince to find the following term, nothing will be 
lieceffary. but to divide the laft term by the exponent 
or common ratio. We fliall here give two examplcf 
of decreafing geometrical progrefiions* ^ 

TT t • f • I • T • TT • TT • T^» ^^C. 
-rr t • T • ¥ • TT • TT • TTT» ^^» 

The fum of an increafing geometrical progreflioii„ 
continued ad infinitum^ is evidently infinite; but 
that of a decreafing geometrical progreffion, whatr 
ever be th^ number of terms fuppofed, is always 
finite. Thus, the fum of the terms, continued in 
infinitum, of the geometrical progreffion -rr 1 • i 
• T - T • tV • &c, is only 2. That of the progreffioi;! 
1 • 7 : i • tV • TT ; ^^» is only i|,. 
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Of karmonicdl ProgrtJJion^ 
Three mimbers are in hannonical proportion, 
when the firft is to the laft as the difference between 
the firft and the fecond is to the difference between i 

the fecond and third. Thus the.nunibers 6, 3, a 
are in harmonica! proportion ; for 6 is to &' as 3, the 
difference between the two firft nurtibers, is to 1, 
the difference of the two laft. Thi»kind of relation 
is called harmonica!, for a reafon which will be feen 
hereafter. 
When three numbers in decreafing harriionical 

 proportion are givert, it is cafy to find a fourth ; 

^ nothing is iieocffary bat to find af third harmonica! 
to the two laft, and this will be th'e fourth tcrAi Re- 
quired. In KIce manner, the third and fourth majr 
be employed to find a fifth, and fo on in fuecefton : 
this will form what is called a harmonica! progref- 
Cojti, which by the above method may be always 
continued decreafmg. 

If we* fuppofe- the two firft numbers' to be 2 and 
1, we ftiall' have the harmonica! progreffioh 2, 1/ 

f > T» if T» T» &^^» '^ ^^ ^ remarl;.able property, 
therefore, of the feries of fraftrohs, having unit^^ 
for their numerators, and for their denominators the 
Xiumbers of the natural progreffion, that they are in 
harmonica! progreffion.' 

This feries of numbers, indeed, contains all the 
mufical concords poffible ; for the ratio of 1 to |, 
gives the oClave ; that of \ to |, or of 3 to a, tlie 
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fifth ; that of | to |-, or of 4 to 3, the fourth ; that 
of'^to^, or of 5 to 4, the third major; that 
of y to i, or of 6 to 5, the third minor ; thai of 
i to I", or of 9 to 8, the tone major, and that of ^ to 
•j-V» or of 10 to 9, the tone minor« But this will 
be explained more at large when we cdme to •treat 
of harmony^ 

Let US' now return to geometrical progrefion,: 
and the apj>lication of it to a few problems, which 
may ferve ^as a rule for the felution of all others of 
the famfe kind. 

r - I . 

Prob. I. Jf AckilUs tan walk ien times aifdjl as ct 
Imtmfty which is a furlong before him^ can 
crawl, mil ike former overtake the latter: and 
hoxofar "muft he walk before ke doesfo f ' 

This <}u6ftionha!Fbisen' thought Worthy^ oi iiodce 
merely becaufe Tkno^' the founder of the feA^f thet 
fioics^ preteodedito prove by a fophifm/ that Acbilletf 
would nev^er overtake the tortoife ; for w)»te 
Achillea, fa^d hiC) is walking a iurlong the tortoifa 
Will have advanced the tenth of a fujlong ; aqd while 
the former is walking thjit tenth the; tortoife. will 
have^ advanced the hundredth part of a furlong, and 
fo on 2» infinitum f confequent]yt an infinite num- 
ber of inftants muft el jpfe before the hero can .come 
up with the tortoife, and therefore he will nevci^ 
icomt up with &• - ' ' 
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Any peribn, however, of commott fertfc may 
readily perceive, that Achilles wiU foon come up^ 
witti the tortoife. In what then coofifts the fophifxn ? 
It may be explaii^ed as follows : 

Achilles, indeed, would never overtake the tor- 
toite, if the intervals of time, during which be is 
fuppofed to be ,walkng the firft furlongs and then the* 
tenth, hundredth;'and thoufandtb parts of a furlong, 
which the tortoife has fucceflively advanced before* 
him, were equal; but if we fuppofe that he ham 
walked the firft furlong in 10 minutes, h^ will re-, 
quire only one minute to walk the tenth of a fur- 
Ipng, and ^V of a minute . to watk the hundredth^ 
&c. The intervals of time, therefore, whiclv 
Achilles will require to pafs over the fpace gained 
by the tartoife during the preceding tipie, will go 
on decreafing in the following manner: 10, 1» rVt 
rijf% iVvir* &c; and this ferits- forms a fub<-decu- 
pie geometrical progreiSoin the (km of whi<th ir 
equal to xi\^ or the interval of time, ! at the epd o£ 
ivhicb Achilles will have reached the tortoife. 

pROd II. If ih£ hour ana minute hands of a clack 
both begin to move exaQly at noon^ at what 
points of the dial-plate will they be fuccefjively ^ 
in conjunSion^ during a whole revolution of the, 
twelve hours ? 

This problem, qonfidered in a certain manner^ 
is in nothing different from the preceding. tThe/ 
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minute hand acts here the part which Achillas did 
in the former; and the hour hand, which moves 
twelve times flower, that of the tortoife. In th^ 
laft place, if we fuppofe the hour hand to be begin- 
tiing a fecond revolution, and the minute hand to be 
beginning a firft, the diitance which the one has 
gained over the other will be a whole revolution of 
the dial -plate. When the mitiute hand has made 
one revolution, the hour hand will have made one 
twelfth of a revolution, and to on progreilively. 
To refolve the problem, therefore. We need only 
apply to thefe data the method employed in the 
former cafe, and we fliall find* that the interval from 
noon to the point where the handft come again into 
Conjun£lion will be tV of * whole revolution ; or, 
what amounts to the fame thing, one hour and -^y 
of an hour. They will afterwards be in conjunct 
tion at 2 hours and -^ ; 3 hours and -jV » 4 hours 
Aud j^ &c ; and» in the lafl place/ at 11 hours ijod 
^Tt ^^ ^ to fay at 12 hours. 

PkOfi. Ill* AJbvereign being defirous to confer • 
liberal reward on one of his couriiers^ who had. 
performed fomt very important fcrvice^ defirei 
kim to afk whatever he thought proper^ <^Mring 
him it Jh^uld be granted. The courtier ^^ who 
enas well acquainted with thefcience of numbers^ 
only requefted that the monarch would give him 
^ quantity <^ wheat equal to that tuhich would- 
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arifefrtm one grain doubUi JixtyAhttt times 
Jkcce^vely, What was the value of the reward? 

It will be found by calculation, that the (Ixty* 
fourth term of the double progreffion -fr- 1:2:4: 
8 : 16 : 32 : &c, is 9223372036854775808. But 
the fum of all the terms of a double progreffion, 
beginning with unity, may be obtained by doubling 
^e lad tenu, and fubtrafling from it unity. The 
number of the.g^rains of wheat, therefore, in the. 
prefent cafe, will be i844674407370955i6i5» 
Now if a flandard pint contains 9216 grains of 
wheat, a gallon will contain 73728 : and as eight 
gallons make one bufhel, if we divide the above 
:refult j^y eight times 73728, we fliall have 3127499 
^41 1295ft for the number of . the bufliels of wheat 
equal to the above number of grains, a quantity 
greater than what the whole furface of the earth 
could produce in feveral years, and which in value 
exceeds all the riches perhaps on the globe of the 
earth. 

< AnotKer problem of the fame kind is pf opofed' in 
tlie following manner : 

A gentleman taking a fancy to a korfiy which a korje^ 
dealer tvifiied to dijpoje of at as high a price 
as he could^ the latter^ to induce the gentleman 
to become a puchafer^ offered to let him have 
ike horfefoT the value of the twenty fourth 
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ndil in his Jkoes^ reckoning one farthing for the 

Jirjinail, m)a for the fecond, four for the thirds 

andfo on to the twenty fourth. The gentleman^ 

thinking hejhouli have a good bargain, accepted 

the offer :■. what was the price of the horfe ? 

By calculating as before, the twenty-fourth term 
or the progreffion 4r » : a : 4 : S : &c. will be 
found to be 8388608, equal to the^numbcr of far- 
things the purchafer gave for the horfe. The price, 
therefore, amounted to 8738/. 2j. 8</. which it 
more than any Arabian horfe, even of the nobleft 
breed, was ever fold for. 

We fliall conclude this article with fome phyfico. 
mathematical obfervations on the prodlgioui fecun- 
dity and progreffive multiplication of animals and 
vegetables, which would take place if the powers of 
nature were hot continually meeting withobftacles. 

ifl. It is not aftonifting that the race of Abraham, 
after rojoummg 260 years in Egypt, ftould have 
formed a nation capable of giving uneafinefs to the 
fovereigns of that country. We are told, in the 
facred writings, that Jacob fettled in Egypt ' with 
feventy perfons : now. if we fuppofe. that arrong 
thefe feventy perfons, there were twenty too far 
^vanced m life, or too young to have children ; 
that of the remaining fifty. tWenty-five were males 
and as many females, forming twenty .five marri.-d 
wupics, and that each couple in the fpace of twen-y- * 

,-E- 



■c— 



,._j 




0O AMUSEMENTS 

five y^an, produced, one with another^ eight chil. 

Aren, which ivill not af>pear incredibJe in a country 

icelebrated for the fertility of its inhabitams i we (hall 

find that, at the end of twenty.five yeart» the above 

fevcnty perfona may have increafed to two liundred 

and Yeventy ; from which if we dedufl: thofe who 

died, there will perhaps be no exaggeration in mak* 

ing^hem amount to two hundred and ten. The rac^ 

of Jacob, therefore, after fojourning twenty-five 

years in Egypt, may have been tripled. In like 

-manner, thefe two hundi^d and ten perfbns, after 

twenty-five years more, may have increaied to fix 

hundred and thirty ; and fo on in triple geometrical 

progreffion : hence it follows, that, at the end of 

two hundred and ,twenty-five years, the population 

may have amounted to 1377810 perfons, among 

whom there might eafily be five or fix hundred 

thoufand adults fit to bear arms. 

ad. If we fuppofe that the race of Adam, making 
a proper deduftion for thofe who died, may have 
been doubled every twenty years, which certainly is 
not inconfiftent with the powers of nature, the num- 
ber of m^n at the end of five centuries, may have 
amounted to 1048576. Now, as Adam. lived about 
900 years, he may have feen, therefore,, when in 
the prime of life, a pollerity of 1048576 perfons. 

3d. How great would be the multiplication of 
many animals, did not the difficulty of finding food. 
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the cominual ws(r which they qarry an, i^thft e^ch 
^er^ Off, th^ numbers of them confumed by mvk^ 
(et bounds lio th^ir pcpps^tion ? It might- eafiJly be 
proved^ that tJhe breed of a Tow, which brings forth 
^K youpgt two males and four females, if we fup<* 
p^fe th^t ^cH female produces every yeair after fix . 
yfiWgt foujt of t}|i9m femnles and. two males, would 
in tvdye year« amount to 33554230. 
.. .S^v^ral other animals, fuch as rabbits and cat»t 
>^hich gp with young oniy for a few weeks« would 
multiply with jtHi gc^f^ rapidity : in h^f a centurjr 
ihp. wholeiearitb! wojLiIdnot be fufficieot to fupp^ 
|hei9 with food% tof «vbn po contain them. ^ 

. Ifall the ova of a herring were fecundated, a vet]^ 
Jteyf years would be fufficiewb lo^make its pofterity fill 
^^;wboli^ ogeaa :- for T^yeryoiriparQus fifh cpntaiji^ 
thoufands of ova, which it depofits in fpawhing 
time ^ Let us fuppoff^ ,that ^hc number gf ova 
amounts only to 2cypQ, anxl that the/e produce' as 
many fi(h, half mkles and half females ; in the fe- 
cond year there wo^Td be fnore'than 1200006 ; in the 
tMfd, ''niore*than>6bobbdb6T alnd in. tht^eightft 
year, the number would eice^ed that exprcflbk by'4 
followed byKt'jtWty.fdj[ir\yy'phers.; As the earth 
contains fcarcely fop^y^^ujbic inches, the ocean, 
if it covei;ed.the wholeglobq:, would not be fu^ciejgi^ 
to contain all t|iefe fil^i, the' produc(? of ope hqrrlng 
In eight years I . . 

Dst., ^ 
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4tli. Many vegetable produdicmsy if all their feed^ 
were put into the earth, would in a few years Cover 
the whole furface of the globe. The hyofciamus, 
which of all the known plants produces, perhaps, 
the greateft number of feeds, would for this purpofe 
require no more than four yean. - According to 
ibme experiments, it has been 'found that on^ ^&fim 
of the hyofciamus produces fometimes more 4han 
joooo feeds: now, if we admit the nmnbertc^be 
only loooo, at the fourth crop^it would anibunt tb 
a 1 followed by (ixteen cyphers. '' But 'as rh^ whole 
forface of the earth containlb^M rtiore than ggof 
634452576256 fquare feet, if we ailoW to each plant 
only one fquare foot, it will be feen that the whble 
fbrface of the earth would not be fufficient.for the' 
plants produced from one hyofciamus at the fend oF 
the fourth year I 

JExtrci/is in the Singk qnd Compound Rule of Tkree^ 

both DireS and Invtrfe* 

(ft6) We Ihatl confine ourfelves to a fmall pum* 
\a of examples in this rule, which mtc briefly ex« 
plained in the iutrodu£lion. 

SingURuUrfThrte Dif€8. 

EXAMPLE I. 

J/* 40 fiioneers can dig a trench 26% yards iong^ in ^ 
certain time^ how many yards can 60 pioneers dig 
im ihijkmt time ? 

40 ; 60 ; : %t!i : x S5;408* (23) 



"> 



y-.« 



IN ARITHMETIC. g^ 

EXAMPPE 41. - . * 

If ajkip with a fre/h breeze, /ails 200 Uh^Uef in 
three days, how long time zinll Jhe require to fail 
£ooo leagues', every other circumftance, being tht 

200 t jzooo ^ : 3 : ;r = 30. 

EXAMPLE III. 

If ^% yards 2 feet and ^ inches of mafon work c<j/l 
168I.' 9s. 4d, what will be the expenu of 'jy yards 
7. feet 8 inches of the like kind ofwork^ at thefamt 
rate ? 

To render the foliition of this problem eafier, the 
qOantity-'of each piece of work mufl be reduced to 
incheSfby ibukiplying the yards by 3 and 12; and, for - 
the fame reafon, the price of the work muft be re- 
duced to pence. We ihali Chen have the following 
proportion. ^ 

Inches. IncKes. Pence. 

1901 : 2804 : i 404^2 : x, (23) 
Single Rdle of Three Inverfe. 

EXAMPLE 1. 

If^Q men can perform a eertaid^iecc tf wbrK in 25 
* 'J&jyi, 1i» imkj meri mil bz rtquifite to ptfprm 
"^^At/amiioorkii to days f" 

It is here evident that^ as the worlt is to be done 
Ml a fli(Nler time^ il will require Aorp men. Aoa«* 
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fequently the propoition muil be cxpreffed in this 
manjier s 

Bays, Days. Men. 



EXAMPLE II. 



Avejftlhas provifiomfor 15 days^ but being obliged 
by certain circumftanceSy to continue at Jeajor 20 
days^ to ivhat quantity mujl the daily ration of 
each man be reduced^ to make the provijions loft 
during that timet 

If the quantity of proyifioos confumed daily be 
yeprefented by unity, it is evident that tjie fcKjuJ^ji 
quantity mud be as much bejow 1 as 1 ^ days ari^ 
leli thaa 20. We fhall therefore have , . i 

20 : 1^ : : 1 : X sz f. 



Compound Rule of Three^ 

If %o men-perform x^% yards oj^yyorl^ in 18 days:^ 
how much will Si men perform in 28 days ? 

Thirty, me^r worjting ^18 d^s, will perform . the 
^flxxt .wor|e, as 18 times. 30 i^^fiz^^^^y in ^ne 
day; and, in like manner, SA ^^^^ ui 28 dg^, 
will perfopn the fame work as 54 times 28 men =; 
151)?. '^n one dky." We havc,'thercfore,'the folWir. 

Iropttrfibn :' '** * *' u^j i3..v.*u - m 

440 : 13^:^1512 \x. 
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£XAMPLB It. 

If a man^ walking 7 hours a^ day^ travds 230 
haguts in 30 days ; how many days tvquld he rr- 
iquire to perform n journey of 600 leagues^ walking 
10 hours a day? 

This problem may be reduced lo the fingle rule 
of three, if we confider, that to travel 30 days, 
employing 7 hours each day, is the . fame thing 
z^ to travel 30 times 7 hours, or 210 hours. The 
queftion therefore may be changed in the following 
manner: If 210 hours are required to travel 230 
Lsagues, Jiow many hours will be requifite to travel 
600 leagues ? When the number of hours which 
anfwer the queftion have been found, the required 
number of days may be found by dividing thefe 
hours by 10, as the traveller employs 10 hours 
each day. We rnvfi therefore find the fourth term 
of the proportion the firft three of whi^h are as 
follows : 

Leagues. Leagues. Hcmn. Houn» 

230 : 600 : : 210 : x. 

Rule of Fellowfhip. 

• « 

As this rule is merely an application of what has 
^n faid refpefting the rule of three, we (hall only 
give a few examples, to illuftrate the ufe of it* 

• D4 
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EXAMPLE 1. 

A prtvatMTy belonging to three merchants^ t^pturei 

a prize^ worth 80000/: what will ea(h partner*s 

Jhare amount to^ thejirjl having advanced to pur^ 

chafe and Jit out the veffel ^oool^ thefecond6oool^ 

and the third 12000/? 

It is here evident, that ea<;h partner muft have 
a (hare of the prize proportioned to the money he 
advanced. 

We muft therefore make this proportioii : As the 

fum advanced by each partner, is to the whole 

money advanced, fo is the fhare of each to the 

whole prize. Hence we fliall have the following 

proportions, where the fecond and fourth terms, 

that is to fay» the fum total of the money advanced 

and the value of the prize, are common to all of 

them: 

2000*1 

6000 > : soooo : : ^ x :^ 80000* 
J 2000 J 
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Three perfons having entered into partnerjhip^ the 
Jirjl advanced 3000/. for 6 months ; the fecond 
j^oooLfor 5 months^ and the third 8000/. for ^ 
months : at the end of that time they found that 
their gain amounted to 150000/. how much will 
each partner* sfkare, h^.worth f 
As this problem belongs to the compound rule 
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^ thrcCy^lvfe fhalttikei as the firft ^crms, the proL 
14ua,br the money advaiicted by each partner; mufc. 
iplied by tlie time it w^s employed; and for tht 
fecond, the f urn of thefe produSs,, in the following 
inanneri 

18000^ Cx 

soodo > r 110000 : : < jc : 150000 

72©OOj ' (i^AT 

It may be readily feen, that by means of the rufe 
©f three any fum, fuch as the amount of a legacy 
for example^ ^mayv.be eafily divided among feveval 
perfoiis.» in, fiich a manner, that the fiiares fliall be 
^in the ratio of certain determinate numbers, as 3, 
4, 6> In r this cafe, the£e numbers muft be confix 
dered as three fums advanced by three partners, and* 
their fum as the total of the money advanced : if 
we then call the legacy to be divided a^ we fbali 
have the following' proportion : 
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Rule of Alligation*. . , 

.Alligation is^ o£ two kinds. ^ The firft cbnfiflt 
in finding the common price of feveral things, fup- 
pefed to be mixed together ; as.^if a goldfmith, fot . 
example, fliouldmake a compofition of gold, filv^r, 
&c« and be defirous to know the value of an ounctt 
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.of this mixture. The fame j^y^. h .^mplayed t9 
jdetcmune the xneaapfi^e of fieveral liqufirs^ of 
different kinds of merchandife, inixed together, . 
This rule is exceedingly eafy ; for nptl^iiig i|i 
neceflary, in folving queftions of this kind, but t^ 
divide the whole value of the articles by the quan- 
tity of each article employed ior. the mixture^ and 
the quotient will be the anfwer. 

EXAMPLE I. 

A wirifi mtrehant mixes iogttktr soo batiks rf 
' Madeira at $JkilHngs ; ^oo rf Pert at. ^^ Soq 
cf Malaga at 41/ and 1^00 of Tokay at^s: haw 
much is a bottk of this mixture worth f 
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=: &400 



1800 , Si ^JhiL 

Now, if 8100S, or the whole value of the wlne^ 
be divided by 1800, the number of the bottles, the 
quotient will exprefs the value of each bottle of the 

ibixtwe. ConfequeHtly ,-1^ ==: -4 2= 4S. 6d. 

1800 18 ^ 

EXAMPLE II. 

A gentleman employed 300 workmen^ 50 of which 
were paid at the rate of 8j. a day ; 70 at thTrate 
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each of them^ taking one xuith anoAer, coft him 
per day f 

The fum total, whicb is 15408. muft be divided 
by 300, the number of tb^* workmen, and the 
quotient will be what each of them, taken one with: 
another,, coll hini per day. 
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300 30 

. Theobjeft of the fecond kind of Alligation, is 
ta detennine in what proportion feycral things, of 
difierent values, ought to be mixed, in order tO» 
kave an article of a certain mean price. 

To obtain this refult, the prices of the things tQ* 
be mixed muft be arranged, as feen in the f<>llpw* 
ing examples.. 

EXAvMPLE r./ . 

Jb^gnAtr^. wko ikas^ tea ait gj. ^s\ 7*. and gs. frer 
pounJi is Jtefirou^ of Kauing a mixture w/tich ke 
cam Jisil atiQS^ pet pound. In what proportions 
nitfi hamix liuft fow ^nds- of teay Jo nsioh 
aUc to jai iii ^i^^re at ,^sf ' " 

r 

Arrange the prices of tl^etbiiEigstab^ minted at 
frcn at A:i, jpl^^jjr^.thof? w^hicb .ar« gi^ierriih^ ^ 
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mean price at the top, and thpfe : wbich ar^ leis al 
Ihe lK>uom: 

y. ' 1 - 

9 

• • 

Then compare in fucceffion with the mean pri^ces 
the prices of all the things to be mixed, and place 
the differences as in the above example* ^ 

Thus, the difference between 3 and 5 is 2, which 
muft be fet^ down oppoGte to 7, and that between: 
4 and 5 is 1, which muft be placed oppofite to 9. 
Then proceed to the prices greafer than that of tht 
mean price, and compare them with that price in 
*the foltewmg manner: The difference between 7 
and 5 is 2, which place oppofite t6 3; and that 
between 9 and 5 is 4, which place oppofite to 4. 

The right hand column, the fum of which is ^^ 
fhews that to have 9 pounds of tea, at tkeNineayi 
price of 5s. the mixture mufk conM of 2 pounds 
at 3s. 4lbsw at 4S» 2 lbs. at 75. and iJb^at 9«» > 

It may here be readily feen, that 9 pounds ^of tea, 
at the mean price of 5s* wiU/^mowat exaftly to the 
value of the .(|uantities mixed. 

It ' niay ' fometitties happen that the figures, ex. 

' pi^effing the different values of ihe thifigs to be 

mixed, will not be eq\iaQ in number both, below 
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and above tbc mean price ; on this account, it . 
there are,, for example, three figures above it, and 
onljr two t>elow, the difference of the third figure 
at the top mud be placed oppofite to the fecond at 
the bottom, along with the difFerence of the fecond 
at tb^ top ; and the difference of the fecond figure 
'at the bottom muft be fet down twice : that is to 
fay, it mufl be placed oppofite to the fecond atid 
the third at the top. See fig. B. 

2S^ 1 

•31. ^ a 

, Pig' B. ss. 

: ^^* 3 

7^- a+'x=:3 

11 

That is to fay, to form %i pounds of tea» of the 
mean price of 5J, one pound at as. two pounds at 
35. two pounds at 4s. three pounds at 6s« and three 
at 7s* muil be mixed tog^her«   ^ 

EXAMPLE II* 

/< goldfmith hnrgold of 2^ carats JiM^^^ anctJbfAe of 
13 carats, which he is dejirous of mixings fa as 
to form gold of i%'carats\ what quantity of each 
mufl he take? See Fig.' C. 

Fig.C. 18 

»3 5 ' 
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: It hence appears, that he muft take ^ an ec^uat 
quantity of each. 

By the fame rule, we may find the.quantity of allqjr 
in any compound metal, for exainple bronzy whi^k 
confifts of copper and tin mixed together in a - cer^ 
lain proportiofu For this purpofe^ we ^mnft 'take 
three mgots of the fame wei|^t| one of bronze gjt 
/Other of copper^ and a third of pure tin. Thefe 
three bodies,, when weighed in water,^ will -each lofe 
a different part of their weight : the ingot of tin will: 
lofe more, and that of copper. lafs, than the ingot 
of bronze^ Let uft fuppofe, that the lofs of the 
bronze is g ounces, that 'of copper 2f ; and that of 
the tin 3^ . IC thefe, three numbers be arranged, ac- 
cording to the above formula^ we fliall have 

*l i 

i. ^ 

The fum of the two differences^ $, fliews tfeaf, 
in I of bronze,, there are one of copper and two of 
tin. This proportion being found, we may thence- 
conclude that a mafs of bfonze (imilar to the ingot,. 
weighin|[ 1^0 pounds, would contain lOo poundft^ 
of tin, and 50 of copper. ; . 

A Chrenological rfollem. 

Botii many years ^ ynonths and days elapfed betwehi 
the Battle of MaHgnan, fought on the 3^ of 



ike nth of^May 1745 ? 

The period from the Chriftian 96i« to the yl of 
September 1^4^, comprehendi^ 1514 yearsv 8 MoMthp 
ud 3 da^rs^ and that froni th« fame «poch to th^r 
^jHfc oif M?y .iT*^* GOipprehci^di 1744 y^5a«^ 4 
months and 11 days. . . 

Confequieodyy if: we fubbra£l thf J^E^nner from the 
iatter^ the dif£?rence, 229 .year$, 8 months and ft 
days, will exprefs the imerval of time between th^ 
battle of Marignan and that of Fontenoi. 

This method may ic^ ei^]^1oyed for cveiy ^ther 
problem of the like kind, »nd isfpecially when itv^s 
necelTary, on calculatin|^ intereft^ to knoMr li^ow 
many years» months and days have elapfed betw^eea 
certain dates. 

The Rule of Tare. 

By ^e 'is coiiiindnjy meant the we^t of the 
.caft) box Off ba^,. ip which goods are coniaio^* 
«iid which beitig fubtra£led^ wbea» known,^ from the 
grofs weight, leaves the real weight of tjbe good), 
called the net weight. In g^nefal^ (^n aliowance is 
•made for it, ^t the rate of fo much per hundred 
weight;, and the quantity tp be -deducted is found 
by the Rule cA Three, as in the Coll^wjng example : 

A merchant pur chafes a hale of cotton^ weighing 
7 cwt. including the package^ and is allowed at 
the rate oJ\6 per cwU of tare : h$w much, ought 
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' to be ""deiluSed, wt that account^ from the grofs 

weight of the baU of cottomf^ 

As the merchant purchafes the goods by the net 
iv<eight,the feller muft give him 16 pounds over and 
abovif each tfw%. ; that is to fay, for each 1 ia pounds, 
lie mnft give him 128. We mufti^ therefore^ mASt 
the following proportion : * - ' ' -- 

ia8 : 119 :: 700 : x* (93) . 

The fourth term will exprefs the number of 

^ . ... .t' •••. 

pbunds for which the merchant ought to pay« 

JH/iouni^ 

'A merchant pur chafes goods to the ammount of looot^ 
' to be paid at the end of a year/ but the vender 

offer J to abate 10 per cent, for ready money : how 

much muft the buyer pay dovm f 

It might heref be fuppofed, that the abatement 
ought to be as many times lol. as 10a is contpiihed' 
in idoo ; that is to fey, that lool. ought to be'di^- 
dufiied, fo *that the merchant would have to pay 
only 900I. 

But it is to be obferved, that the vender ought td 
allow the purchafer only lo per cent, on what he 
will really receive ; that is to fay, that every 1 i-O' 
pounds which the merchant has to pay, ought to be 
reduced to lOQ. We have, therefore, the foUow*^ 

, > 1 * w » «... 

ing proportion : 

aio 1 100 :: 1000 i, fim 
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This is Hie only true method of eltimating dif- 
count ; for if the vender received. only 900I. ready 
money, this fum, at 10 per cent, would produce* 
at the end of a year, no more than 990!. confe- 
quently it would be much betted for him to give a 
year's credit and receive loool. 

Of Combinations and Permutations^ 

Before we enter on this fubj^ft, it will be neccffary 
to explain the method of conflrufling a kind of 
table, treated of b/ Pafcal and others, called the 
arithmetical triangle; which is of great ufe to fiiorten 
calculations of tnis kind. 

Firft form a band A B of ten equal fquares, and 
below it another C D of the like kind, but fliorter 
by one fquare on the left, fo that it (hall contain 
only nine fquares; and continue in this manneri 
always making each fucceflive band a fquare fhor!er« 
We (hail thus have a feries of fquares, difpofe4 lA 
vertical and horizontal bands, and termiuatiog ^ 
^ch extremity in a (ingle fquare, fo as to form 3 
triangle, on which account it has been called th/e 
arithmetical triangle. 

The numbers with which it is to be filled upif^ 
muit be difpofed in the following manner : 

In each of the fquares of the firft bahd infcribc 
unity, as well as in eack of thole in the diagonal 
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llicn add the number in the firft fquare of the band 
CD, which is unity, to that in the fquare imme- 
Siately above it, and write down the fum 2 in the 
Following fquare. Add this number, in like man* 
ner, to that in the fquare above it, which will give 
3, and write it down in the next fquare. By thefe 
Ineans we fliall have the feries of the natural num* 
bers 1, 2, '3, 4, j^ &c. The fame method muft be 
followed to Bll up the other horizontal bands ; that 
IS to fay, each' fquare ought 'always to contaih the 
fum of the number in the preceding fquare of the 
fame row, and that which is immediately above it in 
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•the preceding. Thus, the dumber 15, tirfech 6x> 
copies the fifth fquare ef the third band, is equal id 
ifce ftitfi 6f 1 o, which (lands in the preceding fquar6, 
«nd of 5, which is in the fquare aboire it. The cafi 
is the fame with si, which is the fum of 15 and 6 J 
Wilih 35, in the foiirth band, whifch rs the fum of 15 
and 20, &c. 

The difierent fei'ies of numbers, contained in thi* 
triangle^ have different properties ; but -we (hail 
fiere fpeak 0nly oJF thofe which relate to coltibina^ 
lions and perttiutations^ as the reft are of too abftraft 
a nature to be employed in arithmetical recreatidUSy 
4he principal obje^l of which is to afford -^afy iai»d 
^igrecfeible amttfeinent. 

'TbA-e are tW principal kinds of ce^ttArfftatfcltf. 
The firft is that where the dilF^reiit atraBgem^W ^ 
-fevertil things are fought, without any regard to tiieir 
chahge of placr. ' ' ^ A 

The kC6rid ii that whei^ rt^d *it paid to the dif. 
ferent changes of Irtace. ' For exairiplt, the fln-efc 
quantities A, B, C, taken two and two, without re« 
gard to the different changes of place, are fufcq>ti^ 
ble of only three combinations A B, ^ C, B C ; ^ut 
if we pay regard to the changes of place^ they^are 
fufceptible of ri;c combinations; for befides the 
ttr^ fMadt welkilt have A A, 'C A, *CB. 
^ • Ih €QMMbati6iA^ pi<efperfy tUt tMMi^, ' nb ' mM^^ 
4«'^ «6 t^ ordo* of <the Mtijfi. 3f fdtfr tickter/ 
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hat, and any one; {hauld bet to draw out A and D^ 
.either by taking two at once^ or one after the otheFt 
it wonid be of no importance whether A (hould be 
drawn firft or lafl; the 'Combioations A D and D A 
ought, therefore, to be here confidered only as one- 
But, if any one (hould bet to draw out A the firft 
time, and D the fecond, the cafe would be very 
different, and it would then be necefT^try to attend to 
the order in which thefe four letters may be taken^ 
^md arranged together, two and two: it may be 
readily feen, that the different ways are A B, B A^ 
AC, CA, AD. DA, B C, C B, BD, DB, 
jGP, DC. In lik^ mapner, - th^fe four letteri 
might be combined and arranged, three and three* 
twenty-four ways : as ABC, ACB, BAC, 
BCA, CAB, CBA, ADB, ABD. DBA, 
J)AB, BAD, BDA, ACD, ADC, DAC, 
DCA, CAD, CDA. BCD, BDC, CBD^ 
C D B, D B C, D C B. This is wh^t is called 
permutation, or change of order. 

Prob. I. Any numhtr of things whatever being 
given^ to determine in how many different wayi 
* they may be combined^ two and two ^ three and 
'"tireCi &c. without regard to order. 

This .pr9blem inay he eafiljlT igfblve^ by makim 
uCeof the, arithmetical triangle. Thus, Corexaii^ple, 
if there are eight things to be combined^ thre^^atid 
^cc^ fise wi^ t#Be tlie ttiath vertical bandt o% jtk 
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all cafes, that band the order of which is exprefll^ 
by a number exceeding by unity the number of the 
things to be combined ; then the fourth horizontal 
band, or that the order of which is greater by uAitjr 
than the number' of the things to be itakea together! 
and in thf* common fquare of both will be tfouhd the 
XD^mben^o^ff. the combinatibna lequircd; wfaichi iii 
the prefent example, will be 56. • • 

' But, as' an arithmetical triangle may not aliirays 
be at:i»nd, or iu the number of thingsr to he ooxod 
bined may- he too great to be foand(ftn:i|uGfa(a tables 
the follomng fimpte method maiy be £bUowed : : 
^ The number of' the things^d be conibinied^ and 
the tniipxier in which they ^re tp. bctidEai, viz; two 
and tvfo^ or three and three, being ^^en :> • 
^ tit. ^orni two arithmetical progrttfltons, on^ in 
wMch the t«m^ go m decrea^g by unity, begins 
iiing with the given number of tfaidgs to be torn, 
bined, and the other confiiliiig of therferies of the 
natural numbers i, 2, 3, 4, &c, . . 

adf 'f hen take from each as many terms as there 
•afire things to' be arranged together, in the propoTed 

combination. ' 

3d. Multiply together the terms of the firft pro- 

grefiion, and do the fame wkh thofe of the fecond. 

4th. In the kft place, divide the firft produd by 

the fecond, and the quotient will be the number of 

the combinations required. 
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pROBlfM II* /« ^^2^ w^«y i^tfj'/ c^n 90 things 
^ be combined^ ^ two and two? 

Acrcof ding to tie above vute, wemufl multiply 
|0 by 89, and divide the produ£l,. 8010, by tha 
produft of 1 and 2,. that is 2 ; fhei^ctenl 400$ will 
be tiieiiinn|Msv<if' combinations 're&ihing fiom go 
things, taken two and two* . 

Sbduld k be rec^ahred to detormine; in how msmy 
ways* tbe «fkiB^ i-thtngs -ean be combined . thrcie ' aa4 
(brec; itkbpnabtem ttusy be anfwered><iwidi! i^qiial 
e^fe ; . for. w^ hisiy^ ^sdy ito.huskiply .togedtep 90,84a 
88« ^d t6^vidd ifaerprodiiQ, 17)4886^ by tMl of 
the thfee ^luihberil i<» 2« 3 \ the .quotient 1174811 will 
be the nui¥ilioi:r^(|uiFed..f. », » ., - 1 > ., '. i ; ..; 

lAiikr'Oi^m^c;iti/vj(iUb«f Fmii»i«:tlifit^'9i> ^{lipgt 

for if th^prqduft <3k^9cu,^ 8;8,aft^ g^^rb^ iiivife4 
by 24, the^pjoduQ: pi 1, fi, a, 4, w^. fii^U baveduj 
above refult. . v . * - i < • 

Were it a{ke4 hftw many Qon><?iiaioi>» the Jfeyen 
pUotets. could. for«niwith fcach,. Qiiier, twojaadjtwq^ 
we might reply 21; for, according to- the . g($iier»l 
XMie,>firw^ iriujtiply 7 by->#^' wfekb' wiU give 42, 
^nd divide that nunub^r^by x\^ produfi of 1 9»A a^ 
ihat is. 2, the quotient \yi.ll be 21. 

If we wift^d to kop^Af the number ojf, s^H tb« (:ont 

i 

junftions poflible of thef^p feven planeta, two an<i 
two, three and three, &c. ; by finding feparatcly 
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the nomber of the conjuiiflioni two and two» tken 
ihofe three and tbree» &c« and adding tkem to* 
gethev« it' will be feen tint tkey amouin to sfio. 

Pr,QB. hi. ^ny numUr of ^ things bang giveu^ ip 
find. W ^ow many ways they fan be arragcdf 

This problem may be eafily folved by following 
the method of induSion ; for, 
-» «ft« One thing can be arranged only in one way ; 
in this cafe therefore the number of arrangements 

. std^ Two things may be arranged together two 
ways ; for with the letters A and B we can form the » 
arrangements A B; and B A ; the number of ar- 
rangements therefore i$ equal to 2, or the produ£l 
of 1 and 2* • 

3d. The arrangem'ents of three things, iA» B, C, 
are in number dx; for AB cat^ form wit^ C, the 
third, three diiferent.ones B A C, B C A,' C B A, 
and there can be no more. Hence it is evident, 
that the required number is equal to the preceding 
multiplied by 3, or to the produ£lof 1, 2, 3, 

4th. If we add a fourth thing, for inftance p, it 
is evident that, as each of the preceding arrange- 
ments may be combined with this fourth thing four 
ways, the above number 6, mutt be multiplied by 
4, to obtain that of the arraogenaents refuhing from 
four things; that is to (ay, the number will be 241 
or the produflof i| 3» 3> 4* 
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J% is needlers to enlarge further on tliis fubjeft ; 
for it may be eafily feen that, whatever be the num^^ 
ber qf the things giveD» the number of the anangf- 
itients they are fufceptible of, may be found by 
inuhiplying together as many te!tms of the natural 
arithmetical progreflion as there are things propofed. 

The following table will fhew the immenfe nvm- 
ber of permutations, or different arrangements, of 
which only 12 things ace fufceptible* We ftall 
afterwards give the refult of the permutations arifing 
irom the twenty-four letters of the alphabet. 

MuasberofThingv. ' BntnutationSi 

2 . • 2 

3f • • • " 

5 • . • ISO 

6 . . 720 

7 • • • 5^40 
• ;  40320 

9 . . • 362880 

10 • •. 3628800 . 

11 • • 39916800 

12 • • 479001600 

Lei it be required to affign what [pact would contain 
all the permutations of the twenty-four letters of 
the alphabet^ fuppojing each of them to occupy a 
fquare line f 

If we firft fuppofe that each letter occupies a 

. fquare line, a fquare inch will contain 144 letters ; 

if we then multiply 144 by itfelf, the produft 20736 
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will be the number of letters which can be contained 
in a fquare foot ; and if the laft number be multi- 
plied by 9, the produft 186624 will be the number 
of letters which might be contained in a fquare 

yard. 

Now, as a mile is equal to 1760 yards, a fquare 
mile will contain 3097600 fquare yards ; arid if we 
multiply this number by 9, or the fquare miles in a 
league, we fliall have 27878400 for the number of 
fquare yards in the fquare league, and this number 
muhiplied by 186624 will give 5202778521600 for 
the number of letters which could be contained in 
a fquare league. 

If this laft produft be multiplied by 21951022, 
or the fquare leagues on the furface of the earth, 
allowing the diameter, of it to be 7930 miles, we 
■ihallhave 114206305788769075200 for the num^ 
ber of letters which, according to the above fupp6^ 
fition, could be contained in this furface. 

If we how empl#y the method already givenlo 
find the number of the. permutations of the" 24 
^ letters, by fucceffievely multiplying all the terms 6f 
the arithmetical progreflion from 1 to 24, We 
Ihall have for the number of thefe permutations 
6204484017332394139360000, which is above five 
thoufand times greater than the number of letters 
that could be ccmtained on the furface of th^ earth ; 
add, as each permutation conCfts of '24 letters, it 
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thence follours, that to contain them, a fpace iS2pooo 
times greater would be neceflary. In attempting to 
form an idea of thi§ immenfe furface, the imagina- 
tion, is, as it were, loft; and it could hardly be be- 
lieved that fuch an extent would be required, were 
it not fully demonftrated by calculation. 

Prob. IV. A club of Jeven pejrfom agreed to 
dine together every day fuccejimly^ as long as 
.they could Jit down to table differently arranged* 
How many dinners would be neceffary for that 
furpofe? 

It may be eafily found, by the rules already 
given, that the club muft dine together 5040 times, 
before they, would exhauft^all the arrangemenU 
poflible, which would require above 13 ye^rs. 

If any word be propofed, fuch as AMOR, and 
k be required to know how many different words 
could be formeid of thefe four letters, which will 
r give all the poflible anagrams of 4hat word, we (hall 
find, by multiptying together 1, 2, 3. and 4, that 
fbey sffe in number 24, as r^prefented in the fol- 
lowing table. 

AMOR MORA ORAM RAMO 
AMRO m6aR ORMA RAOM 
AOMR MROA OARM RMAO 
AORM MRAO OAMR RMOA 
ARMO M7VOR OMRA ROAM 
AROM MARO OMAR ROMA 
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The number of all the anagrams poffible to be 
formed of one word, m?y be found in the feme 
manner; but it ni^ft be confefTed, t^at^ if tbere 
.were a great many letters in the word, the arrange- 
ments thence refulting would be fo numerous, as to 
require a lopg tim^ to find thexibi out. 

Application of the dQ^rine of combinations to games 
of chance and to probabilities » 

« 

Though nothing, on the firll view, feems more fo* 
reiga to the province of the mathematics, than games 
of chance, the powers of analyfis .have, as we may 
.fay, enchained this Proteus, and fubjefted it to cal- 
culation ^ it. has found means to meafure the dif- 
. ferent dt^rees of the probability of certain events, 
and this fias given rife to a new branch of mathoi. 
matics, the principles of which we fliall here qx* 
rplain. ^: 

When an event can take place in feveral different 
ways, the probabily oi'it^ h^peping in a certain de« 
terminate manner; is greater when, in the whole of 
the ways in which it can happen, the greater num* 
ber of them determine it to happen in that manner. 
.In a lottery, for example, every one knows that the 
probability of obtaining a prize is greater, accord* 
ing as the number of the prizes is greater, and 
as ^e whole "number of the tickets is lefs^ 
The probability of an event, therefore, is in the 
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compound ratio of the number of cafes in which it 
can happen taken direftly, and of the total number 
of thofe in which it can be varied, taken inverfely ; 
confequently it may be expreffed by a fra6lion, hav- 
ing for its numerator the number of the favourable 
chances, and for its denominator the whole of the 
chances. 

Thus, in a lottery containing loob tickets, 25 

of which only are prizes, the probability of 

- obtaining a prize will be reprefented by t^I^t^* or 

^V; if there were 50 prizes, the probability would 

be double ; for in that cafe it would be equal to y^ ; 

. but if the number of tickets, inftead of 1000, were 

2006, the probability would be only one half of the 

former, or xV ; 3ind if the whole number of the 

tickets were infinitely great, the prizes remaining 

the fame, it would be infinitely fmall, or o ; while, 

on the other hand, it would become certainty, and 

ht expreffed by unity, if the number of the pf izes 

were equal to that of the tickets. 

Another principle of this theory, the truth of 
which may be readily perceived, and which it is ne- 
ceffary here to explaih, is as follows : 

A perfon plays an equal game when the money 
ftaked'^ or rilked, is in the dircft ralio of this pro- 
bability of winning ; for to play an equal game, is 
nothing elfe than to depofit a fum fo proportioned to 

I 

the probability of winning, that, after a great many 
thrpi^Sj;. the player may filUl himfelf nearly at par ; 
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but for this purpofe, the Aakes muff be propor- 
tioned to the probability which each of the players 
has in his fayouT. Let us fuppofe, for example, 
that A bets againft B on a throw of the dice, and 
that there are two chances in favour of the former, 
and -one for the latter: the game will be equal, if, 
after a great number of throws they feparate nearly 
^vithout any lofs. But as there are two chances in 
favour of A, and only one for B, after 300 throws 
A will have won nearly 200, and B 100. A, 
therefore, ought to depofit 2 and B only 1 ; for by 
thefe means A, in winning 200 throws, will get 
SOD ; and B, in winning 100, will get 200 alfp. 
In fuch cafes therefore it is faid, that there is two 
^0 one in favour of A. 

Prob, I. In toffing up^ what probability is there 
of throwing a head fiveral times fucccffivdy ^ or a 
tail; or^ in playing with fever al pieces^ what pro ^ 
bability is there, that they will all come up heads at 
' one throw ? 
As this game is well knowti^ it is needlefs here 

to give any explanation of it ; we Ihall therefore 

proceed to analyze the problem* 

ift. It is evident that, as there is no reafon why 

ahead (hould come up rather than a tail, or a tail 

fban dt head, the probability of one of them coming 

np is equal, ta |, or an equal bet may be taken on 

eitlier fide. 
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But, if any one fliould bet to bring heads fuc- 
ceffively in two throws, to know what in this cafe 
ought t6 be ftaked on each fide, we niuft obferve, 
that all the combinations poflible of head and tail, 
which can take^place, in t^vo fucceffive throws with 
the fame piece, are* head^ head; kead^ tail; iailj 
head^ tail, tail; one of which only gives head, ' 
head. Here then there is only 1 cafe in 4 favour- 
able to the perfon who bets to throw a head twice 
in fuc^effion ; the probability therefore of this event 
will be only ^ ; and he who bets that it will take 
place, ought to, depofit only a crown, while his 
antagonift depofit^ three : for the latter has three 
chances of winning, whereas the former has only 
one. To play an equal game, the money depofited 
by each ought to be in this proportion. 

It will be found, in like manner, that he who 
fhould bet to bring a head, fof example^ three times 
fucceffively, would have in his favour only one 
of the eight Cojnbinations of head and taily which 
might refult from three fucqeffive throws of the 
fame piece. The probability therefore of this event 
would be T ; while that of his adverfary would be 
i, and -tonfequcntly to play an equal gsqpe, he 
ought to bet only 1 to/. 

It is needlefs to go over all the other cafes ; for 
it may be readily feen that the probability of throw* 
ing a head four times fuccelfively would^ be, onljr 
xVf and fo on. We fcall f^y nothing faitber there* 
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fore on the different combinations which might 
refult from head and tall ; as in all fuch cafes the 
following general rule may be employed. 

When the probability of two or more individual 
events *re known, the probabihty of, their taking 
place all together may be found, >y muhiplying 
together the probabilities of thofe events confidered 

individually. 

Thus, the probability of throwing a head, con- 
Cdered individually, being expreffed at each throw 
by f , that of throwing it twice- fucceffively, will 
IqL X i z=ii; that <jf throwing it three times 
fucceffively, will be i x ^ X I = i. a^d fo on. 

2d. The probability of throwing 'a\\ heads or all 
tails with two, three, or four pieces, n»y be de- 
termined in the fame manner. When two pieces 
are employed, there are 4 combinations of head and 
tail, only one of which-is both A<:ads; when three 
pieces are toffed up, at the fame time, there are 8» 
one of which only is all heads; and fo on. The 
probability, therefore, in each of thefe, cafes, is 
firailar to thofe already examined. ^ . 

It may he feen, indeed, without the help of 
analyfis, that thefe two queftions are abfolutely the 
fame, as may be proved in the following manner. 
To tofs up the two pieces A and B at the fame 
time, or to throw up the one after the other, whea 
A tlic firft has had time to fettle, is certainly the 

E4 
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fame thing. Let us fuppofe then, that when A 
the firft has fettled, inftead of tofling up B, the 
fecond, A, is taken from the ground, in order to 
be tofTed up a fecond time : this will certainly be 
the fame thing as if the piece B had been employed ; 
for by the fuppofition they arc both equal and fimi- 
lar, at leaft in regard to\he chance of ?i head or 
a tail coming uppermoft ; confequently to tofs up 
the two pieces A, T>, at once, or to tofs up twice 
fiicceffively tlie piece A, is the fame thing. 

3d. If it. were afkcd, how much a perfon might 
bet to bring a head at leaft once in two throws, it 
may be found by the above method that the chance 
is 3 to 1. In two throws there are ^ four combina- 
tions, three of which give at leaft one A^fl^, while 
there is only one which gives two tails ; and hence 
it follows that there are three combinations in favour 
of the perfon who bets to bring a head once in two 
throws, and only one again ft him. 

Pr6b. II* Any number of dice being given, tot deter^ 
mine the probability of throwing with them an af-^ 
Jignei number of points. 

We here fuppofe that the dice are of the ufiial 
kind, that is to fay, having fix faces marked with 
the numbers 1, 2, 3, 4, 5, 6. This being pre- 
mifed, we ftiall analyze f6me of the firft cafes of the 
problem, that we may proceed gradually to thofe 
which are more complex. - ~. 
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\fl. It is propofed to throw a determinate pointy 
for example 6, with one die. 

As the die has fix faces, one of which only is 
marked fix, and as any one of thefe may come up 
as readily as another, it is evident that there are 5 
chances againft the perfon who undertakes to throw 
6: at one throw,, and only 1 in his favour. To 
phy an equal game he ought^ therefore, to bet no* 
more than tto g. 

2 J, Let it be propofed to throw the fame point 6^ 
with tzvo dice^ 

To analyze this cafe, 'it mull firff be obfervcd 
that two dice give 36 different combinations ; for 
each of the faces of the die A, for example, may 
combine with each of thofe of B, which will pro- 
duce 36 combinations. We muft neXt examine in" 
how many ways the point 6 can be thrown with 
two dice. ift. It will be found that it can be 
thrown by 3 and 3 ; 2d. By throwing 2 with the 
die A, and 4 with the die B, or 4 with A and a 
with B, which, as. may be readily feen, forms two 
diftinfl: cafes ; 3d. By throwing 1 ^ith A and 5 
with B, or 1 with B and q with A, which Hke- 
wrfe forms two cafes : thefe are evidently all the 
ways that can be found. Confequently, there are 
5 cafes favourable in the 36 ; and, therefore, the 
probability of throwing 6, with two dice, ir -fyl 
and that of not throwing it |^ ; hence it appear* 

E4 
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tbat the money ftaked by the players ought to be in 
the ratio of thefe two fractions. 

By analyfing the other cafes it will be found* 
that of throwing 2 with two dice, there is 1 chance 
in 36 ; of throwing 3, there are 2 ; of throwing 4, 
there are 3 ; of throwing 5, there are 4 ; of throw- 
ing 6, there are 5 ; of throwing 7, there arc 6; 
of throwing 8, there are 5 ; of throwing 9^, there 
are 4 ; of throwing 10, there are 3; of throwing. 
n, there are 2 ; and of throwing ifi, or fixes, there 
is !• 

Jf three dice were propofed, wit^i which the leaft 
point that could be thrown is evidently 3, and the 
greateft 18, it will be found, by a fimilar analyfis, 
that in 216 different throws po'flible, wkh three 
dice, there is 1 chance of throwing 3, 3 of throw- 
ing 4, 6 of throwing. 5, and fo on; as may be 
f(^n in the annexed tsi)le, the vfe of which is a& 
follows « 

If it be required, for example, in how. many 
different ways 13 can be thrown with three dice;, 
look in riie firft' vertical columif, on the left, for 
the number 13, and at the top of the table for that 
indicating the number of the dice, and in the com^ 
n^on fquare of both, oppofite to 13, will be found 
8ji, or the number of ways in which 13 can be 
throwi^ with 3, dice. It will be found, in like 
manner, that with 4 dice, it may be thrown 140b 
ways ; with 5 dice, 420 ways ; ^nd fo on.. 
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Taik ofiht different ways in which any point can he 
thrown with one^ twoy three^ or more dice* 
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When once it is known in how many ways any 
point can be thrown with a certain number of dice, 
it will be eafy to determine the probability of 
throwing it. Nothing will be neceflary but to 
form a fraftion, having for its numerator the num- 
ber of ways in which the point can be thrown, 
and for its denominator the number 6, raiCed to 
that power denoted by the number of dice ; for ex-* 
ample, the cube of 6, or 216, for 3 dice ; the bi« 
quadrate, or 1296, for 4; andfoon. 

Thus, the probability of throwing 13 with 3 dice 
is -5T-V ; t^*^^ ^f throwing it with 4 is ttVt- 

Various other queftions of the like kind mighC 
be propofed, fome of which we fliall here ana* 
lyze, 

Prob. III. TVhen twa perfons are pldying, to deter'- 
mine the advantage or di/advantage on the fide of 
tfie one who undertakes to throw a certain Jace^ 
for example^ that marked 6, in a certain, number 
. of throws. 

Let- us fir ft fuppofe that the perfon undertakes 
it at one throw. To determine the probability of 
his fucceeding, we muft confider, that he who holds - 
the die has only qne chance of winning, and that 
there are five of his lofingr confequently to ua- 
dertake it at one throw, he aught to bet only 1 to 5. 
There is, therefore, great difadvantage in under- 
taking on an even bet to throw 6 at one throw. 
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To. detennine the probability of throwing at leaft 
one face marked 6, in two throws, with the fame 
die ; we mull obfeiFve, as has been already faid in 
regard to tof&ng up, that this is the fame thing as 
to undertake to bring one face marked 6, by throw-*^ 
ing two diife at the fame time. In this cafe, he 
who holds the dice has only 11 chances,, or com- 
binations, in his favour ; for he may bring 6 wkh 
the f firft die, and 1,2, 3, 4, or 5, with the fe-, 
cond; or 6 with the fecond die, and 1, 2, 3, 4, 
or 5, with the firft; or 6 with each die. But there 
are 25 chances, or combinations', again ft his win* 
ning, as may be feen in the following table : 



1> i 


2, 1 


3, 1 


4,1 


5, 1 


^> 2 


2, 2 


3, 2 


4, 2 


5, 2 


i, a 


2, 3 


3, 3 


4,3 


-5, 3 


1, 4 


2, 4 . 


^,4 


4,4 


5, 4 


I, 5 


2, 5 


^^S 


4,5 


5/5 



Hence it may readily be concluded, that he 
who undertakes to throw a & with two dice, ought • 
to bet only it to 25; -and confequently, that there 
is a difad vantage in undertaking it on an even 
bet. ( . 

We muft here obferve that 36^ or the whole of 
the chances poflible with one throw of two dice, 
i^ the fquare of the given number 6, the number 
of the faces of one die; and that 25, the nuniber 
^f the chances unfavourable to the perfon who un« 
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dertakes te throw a detenninate fsice, is the fquare 
of the number 6 diminilhed by unity, that is of 5 ; 
for this reafon, the number of the favourable chances 
in the prefent cafe, is the difference of the fquares 
of 36 and 25, or of the fquare of the number of 
the faces of tKe die, and of that of the lEaces of the 
fame die lefs i. 

To determine the probability of throwing a 6 in 
three throws of the fame die ; we mufi, in like mian- 
ner, confider, that this is the fame thing as to; un-^ 
dertake to bring at leaft one 6 by throwing three 
dice; but of the 216 different combinations pro- 
duced by 3 dice, there are 125 in which there is^ 
no 6, and 91 w^here there is at leaft one 6 : con- 
fequently, he who bets on throwing one 6, either m 
three throws with one die,, or in one throw witE 
three dice, ought to bet no more than 91 to 125 ; 
and it would be difadvantageous to. undertake it oa 
an equal bet. 

We muft again obferve, that 91 is the difference 
of the cube of the number of the faces of one die,: 
viz.'" 216, and of 125 the cube of the fame number 
diminifhed by unity, that is to fay of 5. Hence- 
it may be feen, that to determine, in general, the- 
probability of throwing any affigned face in a cer- 
tain number of throws, or in one throw with a^ 
certain number of dice, Ve mudraife 6, the num« 
ber of the faces of one die, to that power indicated 
by the number of throws given, or of the -dice to 
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|}e thrown at once, and chat we muft then raife to 
the^ame power 6 lefs unity, that is to fay ^, and 
fubtrafi it fr<Hn the former : the remainder, and 
this power of 5, will be the refpeftive number of 
chances for winaing or lofing. 

For example, if a perfon fliould bet to bring at 
leaft one 3 with four dice ; we muft raife 6 to the 
biquadrate or fourth power^ which is 1296, and 
fubtra£l from it 625, which is the fourth power of 
■5.: the remainder 67 1 will be the number of chances ' 
favourable for winninjg ; and 625 will be thofe of 
lofmg : confequemly^ there will he an advantage ia. 
laying an even bet* 

There will be ftill more advantage in undertakings 
,onan even bet, to throw a determinate point, for 
example 3, in five throws, or with five dice; for 
if we deduft the fifth power of 5, which is 3125,. 
from 77769 the fifth power of 6, the remainder 
4651 will be thennmber of the favourable chances^ 
aad 3125 that of the unfavourahfe. 

Confequently, to play an equal game, he who. 
bets ought to depofit 465a to 3125^ or about g* 
to 2^ 

Prob. IV. In hvm manyjhrcwi^ vtay a ptrfm%. 
with an equal chance of winnings bet to bring (b 
determinate doublet, for example fixes^ v\ith twq 
dice! - , . 

We already know tbaft^^be pfdaability of- not 
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throwing fixes with two dice is -f^ ; cotifequentty^ 
the probability of not throwing them, in two throws, 
will be as the fquare of that fraction; In three 
throws, as the cube ; and fo on ; but as the powers 
of any number ever fo little greater than unity gO' 
on always increafing, thofe of a number ever fo 
little lefs go on always decreafing ; confequently . 
the confecutive powers of ^ will go^ on always 
decreaGng. Let us conceive -^^ raifed to fiich a 
power, that it fliall be equal to | ; now it will be 
found that the twenty^foUrth power of ^^ is a little 
greater than | ;^and that the twenty-fifth power o£ . 
the fame fraHion is a little lefs than | ;: a perfoa 
may then lay an even bet, with forae a^antage, 
that another will nothring fixes in 24 throws, but • 
au even bet cannot be laid with advantage that fixes > 
wiJl not come up- in 25 throws. Confequently 
there is a difadvantage in laying an even bet to 
bring fixes in 24 throws ; and, on the other hand,, 
he who lays an even bet to throw fixes in 25 throws^ 
does fo with advantage. 

Prob. v. WkatprobabiRty is there of throwing a, 
determinate doublet ^ for txample two threes^ at 
cne throw J zvith two or more dice? 

To determine the probability in this cafe, we 
mud confider, that in undertaking to throw two 
threes with 2 dice, there is only 1 favourable chance* 
i# the 36 given by 2 tii«e. Whence it follows. 
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that the perfon who undertakes it, ought to bet only 
1 ^o 35 ; if 3 dice were propofed, we (hould find 
that the bet ought to be 16 to 216 ; for the number , 

of chances or combinations poflible with 3 dice is ^ 

2x6; but when it is required to tliraw two threes 
with 3 dice, it may be done 16 different ways ; Jor ' ! 

of the 36 combinations of the. dice A and B, all 
thofe in which there is only one 3, as 1, 3 ; 3, 1 ; 
&c. which are 10 in number, by combining with 
the face marked 3 of the die C, will confequently 
give two threes. Befides, the . combination 3, 3 of ^ 
the dice A, B, by combining^ with one of the fix 
faces of the third C, will alfo give two threes ; 
and hence there are 16 different ways of throwing 
two threes with 3 dice, which gives i6 favourable 
chances in 216. Confequently, the probability of 
throwing two threes with 3 dice, is -5^ ; and there- 
fore the perfon who undertakes it, ought to bet no 
inore than 16 to 2x6, or nearly 2 to 27. 

If the probability of throwing two threes with 
4 dice be required, we fhaH find that it is ex- 
preffed by tVtVJ f^r, of the 1296 combinations, 
arifing from the faces of 4 dice, there are 150 
which give 2 threes, 20 which give 3 threes, and 
1 which gives 4, making altogether 171 throws, 
in which there are either 2, 3, or ^4 threes. Con- 
fequently, a p^fon ought to bet no more than 19 
to 144, or about t to 7 1, on throwing, at leaft ft 
threes with 4 dice* - • '' 
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In the laft place, if the probability of throwing 
any doublet with ten dice, or more, at one throw,- 
be required ; it will be eafy to determine it by the 
fame method of calculation. For in the cafe of an 
indeterminate doublet, it is evident that the proba- 
bility is fix times as great as when a particular 
doublet is afligned ; and therefore nothing wilk be 
iiecefliry but to multiply the above probabilities by 
6. The probability therefore with 2 dice, is 7V or 
i; with 3 dice, Vtt = i'y with 4 dice'iil = 
4 ; fo that there is an advantage in laying an even 
bet, to bring at lead one doublet with 4 dice. 

Prob. VI. Two pafons dcpojit a cerUin Jum 

, of money, ^ and G^ree, that he who firji gets a . 

\ certain number of games, for example 3, fhaii . 

. have the whole; one of them has got two games, 

and the other one; but being unwilling to continue 

their play, they refolvc to divide thejiakt, in what 

manner muji this be done? 

 This, problem is one of the firft which engaged 
the attention of Pafcal, when he began .to ftudy the 
. calculation of probabilities. He. propofed it to^* 
M. de Fermat, a celebrated geometrician of that 
period, wfio refolved it by a different method, viz, 
that of combinations. We fliall here give both* 

It is ' evident that each of the pl^^rs, when he 
depofited his lAoney, refigned all' right to i( ; but,, 
OH tbe Other hand» each had a right to that wldich 
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chance might give him ; confequently, when they 
give over playing, the ftake ought to be divided 
according to the probability each had of winning. 

Cq/e 1. . 

This proportion may be determined by the follow- 
ing mode of reafoning. Since the firft player wants ' 
olie game to be out, and the fecond two, it may be 
readily perceived that if they continued their play," and 
if the fecond won one game, he would want, in the 
fame manner as the firft, one game to be out ; and 
if both players were equally advanced, their hopes 
of gaining the whole would be equal : in this fuppo- 
fition, therefore, they would have an equal rigfit to 
the ftake, and confequently each' ought to have an 
equal {hare of it. It is evident therefore, that if 
the firft wins the game about to be played, the whole 
ftake will belong tp him; and if he lofes it he wijl 
be entitled only to one half. As the one cafe is as 
probable as the other, the firft has a right to^he half 
of thefe fums taken together; but together they 
make -I, the half of which is ^. Such is the por- 
tion of tht ftake belonging to the firft player, and 
confequently that belonging to the'fecond is only ^, 

Cq^ a. 

I 

, The folution of the firft cafe will enable ut to 
rc^dve the fecond, in which we fiJppofe tfcat the 
firil player wants one game to be out, andtbcfeoan*'^ 
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three ; for if the firft fhould win one game, the 
whole of the flake would belong to him, and if he 
ihould lofe one, fo that the fecond (hould want only 
two games to be out, ^ of the money would belong 
to the former, fince they would then be in the fitu- 
ation alluded to in the firft cafe. But as both thefe 
events are equally probable, th^ firft ought to have 
the half of thefe two fums taken together, or the 
half of J, that is to fay i : the reniainder, -^^ will 
be what ought to belong to the fecondit 

Ca/e 3. 

- % 

« 

It wijl be found, by reafoning in the fame man- 
ner ; if we fuppofe two games wanting to the firft 
player, and three to ihe fecond, that on. ceafing to- 
play they ought to divide theftake in fuch a manner^ 
that the firft may have y^, and the fecond ■^•. 

Ca/i 4. 

If they had agreed to play four games, and if the 
firft wanted only two games, while the fecond 
wanted four, the ftake ought to be divided in fuch 
a manner, that the firft might have H, and the 
fecond -j\. 

We fhall now explain the fecond method of re- 
folving queftions of this- kind, which is that of com- 
binations. ^ 

To rpfolve^ for example, the fourth cafe, in 
whicih we fappofe that the firft player, wants two 
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games to be out, and the fecond four, Jo that both 
together want fix games ; if we fubtra£l unity from 
that fum, we (hall have 5, which indicates, that we 
muA take thefe five fimilar letters aaaaa. favoura- 
ble to the firft player, and the five followigg, bbbbb^ 
favourable to the feCond. Thefe muft be combined 
together as feen in the following table, where, of 32 
combinations, the firft 26, towards the left, where 
a occurs at leaft twice, indicate the number of 
chances favourable to the firft, and the 6 laft, to- 
tyairds the right, where a is found at moft only once, 
indicate the number of chances favourable to the 
fecond. 

a a a a A a a a b b d a b b b a b b b b 
a a a a b a a b b d a b b b a b b bi> a 
a a a b a a b b a a b b b d a b a b b b 
a a b a a b b a d a a b d i b b b a b b 
abaaa adbdb abbdb bbbab 
baa ad abaab bbaab bbbbb 
bdddbbaabi 
b d-d b a b d b b a 
- i d b d a b b a b a 
4Lbabababab 
Thus the hope of the firft player will be to th«t 
of .the fecond, as 26 to 6, or as 13 to 3. 

To refolve the cafe in which we fuppofe that one 
of the players has won three games, and the other 
none ; as, he will be the winner who fooneft gets, 
lour games, he muft talce' unity from 5, the number 
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of games wanting to both, which will give 4, and 
thrfn examine in how many ways the/letters a and .3 
can be combined, four and four. ^Thefe ways are in 
number 16, viz: 



d d d d 
d d d b 
d d b d 
a b d d 
b d d d 



d b b b 
bdbb 
bbdb 
bbba 



bbbb 



d a b b 

d b d b 

b a d b 

d b b d 

b d b d. ' 

b b d d 
But, of thefe 16 combinations, it is evident there 
aire 1^ in which a is found at leaft once ; and hence 
it appears that there are 15 combinations or chances 
favourable to the firft player, apd only one to the 
fecond ; confequently they ought to thare the ftake 
in the ratio of xj to 1 ; orthe firft ought to have |^, 
and the fecond -j^^. 

PnoB. VII. A mfj^untebanky at d ccuntry fdir, 
amufid thepppuldce with the following game : he had 
6 dice, edck of whith was marked only on one face ^ 
thefrft with 1, ike fecond with 2, and fo on to the 

Jixth^ whi(;h rods marked 6; theperfonwho pldyed^ 
gdvehim d certain fumtf money, wad he engdged to 

^riturn it d hundred fold if, in tkrozmng thtfefix Hice, 
the fix mdrked faces fhouli come' up only once in 20 

othroMos? 

Though the propofal of the mouatebank does not, 

^on the firft view, appear very difadvantageous to 

it. • * . . 
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thofe who cntrulled hira with their money, it is Cer- 
tain that there were a great many chances againft 
them. 

It may indeed be fcen that, of the 46656 comhina. 
tions of the' faces of 6 dice, there is only one which 
gives the 6'raarked faces uppermoft ; the probability 
therefore of throwing them, at one throw, is ex- 

preffed by 7YTTT • ^"^^ ^^ ^^^ adventurer was allowed 
20 throws, the probability of his fucceeding was only 

ttVtt* which is nearly equal to, yttt- To play an 
equal game therefore, the mountebank (hould have 
engaged to return 2332 times the money depofited* 

Pros. viii. The fame mountebank offered a new 
chance to the perfon who had lofi^ on thefoUouing 
conditions : to depofit a fum equal to the former^ 
and to receive both the fiakes in cafe he Jhould 
bring all the blank faces ^ in ^/uccej^ve throws, 

Thofe iinacqtiaint^ with the method to be purfued 
in order to refolve fuch problems, are liable to rea- 
fon in an erroneous manner refpecting dice of this 
kind ; for obferving that there are'fi vc times as many 
blank as marked faces, they thence conclude that it 
» is J to 1 that ihe perfon who throws them will not 
bring any point. They are, however, miftaken, as 
the probability, c^ the contrary, is 2 to 1 that they 
will not come up all blank. 

If we take only one (tie, it is 5 to 1 that the 
perfon who holds it will throw a blank ; but if we 
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J add a fecond diC) it may be readily fccn, that the 

'' marked face of the firft may combine with each of ^ 

I the blank faces of the fecond, and the marked face \ 

of the fecond with each of the blank faces of the 

|. firft ; and, in the laft place, the marked face of the 

one with the marked face of the other: confcn 
quently, of the 36 combinatioiis of the faces of 

' ihefe two dice, there are ti, in which there is at 

leaft one marked face. But, as we have already 
obferved, this number 11 is the diflference of the 
fquare of 6, the number of the faces of one die, 
and of the fquare of the Tame number diminifhed 
by unity, that is to fay of j. 

If a third die be added, we {hall find, by the like^ 
analyfis, 4hat, of the fii6 combinations of three 
dice, there are 91 in which there is at leaft one 
marked face; and 91 is the difference of the cube 
of 6 or 216, and the cube of 5 or 125 ; the refult 
will be the fame in regard to the more complex 
cafes ; and hence we may conclude that, of the 
46656 combinations of the faces of the 6 dice in 

' queftion, there will be 31031 in which there is at 

leaft one marked face, and 15625 in which all the 

j^ iaces are b^ank ; confcquently the chance is 2 to 1 ^ 

'' that fome point, at leaft, will be thrown ; whereas, ^ 

by the above reafoning, it would appear ihat 5 to 1 
might be betted on the contrary bemg the- cafe. 
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Pkob. IX. In how many throws ^ with Jix dice^ 
marked on ali their faces ^ may a per/on engage^ 
Jbr an even bet^ to throw i, 2, 3f 4i 5» 6 ? 

We have juft feen that there are 4665^ chances 
to 1 that a perfpn will not throw* thefe 6 points 
with dice marked only on one of their faces ; but 
the cafe is very different with € dice marked on all 
their faces ; and to prove it, we need only ta ob* 
ferve that the point 1, for example, maybe thrown 
by each of the dice, as well as the 8, 3, &£• which 
renders the probability of thefe fix points, 1,2,3, 
&c. coming up, much greater. 1 

' But to analize the problem more accurately, we 
^all obferve that there are 2 ways of throwing 1, fl| 
with 2 dke; viz« 1 with the die A, 'ai|d^2 witk 
the die B ror i^ with the die.B^ aijd a witi) A. H 
i« were propofed to throw:!, 2, 3»with%3 dice;? of 
^he whole of ^e combinations of the face^ of 3 
dice, tber« are 6 which give the. points 1, 2, ^ 
for 1 may be thrown with the die A, 2 with B, an^ 
•J with C ; or ,1 with A, 2 with C, and a with B ; 
or 1 with B, 2 with A, and 3 with C ; or 1 with 
B, 2 with C, and 3 with A^ or 1 with C, 2 with 
A, and '3 with B-; or 1 with C,'2 withB, and- j 
with A^ : 

^ It faeilce; app^rs, that t^ find the number^ pi ways 
in which. 1^1 a, gjcjio. he-thrown witfe^S dice,} J,. '2» 3 
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inuft be i^ittltiplied together. In like manner, to 
' find the hummer of ways in which i, 2, 3, 4. can be 
thrown, with 4 dice, 5¥e muft inuhiply together 
tt 2> 3t 4i which will give 24 ; and, in the laft place, 
to findla hovf mmy ways 1, a, 3, 4, 5, 6 can be 
fbrown with 6 dice, we muft multiply together thefis 
fix numbers, the produ£l of which^will he 720^ 

If. the number 46656, which is the CQmbiiutio^ns 
of the faces of 6 dice, be divided by 720, we ihall 
have 64^- for the chances to 1, that thefe points will 
not come up at one throw ; and confequently a peir« 
{if^n may under^tafce for an even bet to faring them in 
64 throws. 

In the laft place, as the d^ce may be tbicrwa 130^ 
times^ vidmore, in a quarter of an hoiir» a.perfon 
m^y, with advantage, bet more than 2 to i« that 
Aey will come up 19 the courfe of thatiigie* 

Me who, engaged for an even bet to, tfai:pw.tbell 
' points, in a quarter of an hour,^ undejtaket ^at.is 
Highly advanuig^ous to l^$9M£, ami iet|ualty dl^idU 
iraatages lo his adverfiiry. 

JrithnuHcal Amufemenis in Divination mnd Cpm^ 

fiinatton* 

m 

Fiiipf . 1, Totefl the nus^tr iAcM^itflJffyafcr/bn. 

Deiire the perfon, who has thought of a num* 
ber, to triple it, and to^aake the exai^ half of thai 
^iple if 4t be even, or the greater half if it be odd« 
Tlien defire>him to tr^le that half ^ and aik him how 
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mztiY times it coiitains 9; for the mxmlxr thought, 
ifeven^ will conuin twice as many units as it does 
nines^ and one more if it be odd. 

Thus; if j has been the number thought of, its 
triple will be 15, which cannot be divided by 2 with- 
out a remainder. The greater half of 1^ is 8 ; ^nd 
if this half be multiplied by 3, we Qiall have 949 
which contains 9 twice : the number thought oi 
^ill therefore be 4 plus i, that is to fay g. 

II. 

Bid the perfon inultiply the number thought of 
by itfelf j then defire him to add unity to the num« 
ber thought of, and to multiply it alfo by itfelf ; in 
the laft place afk him to tell the difference of theie 
two produflsy which will certainly be an odd num« 
ber, and the leaft half of it will be the number re- 
quired. 

Let che number thought of, for example, be lov* 
which multiplied by itfelf gives 100 ; in the next 
pkce« .JO.increafedby 2 is 11, which multiplied by 
itiellmake& 121 ; and the tiiflference of thefe two 
f<luaDe»ig s^s, the :lea(fr^half of which being 10, is 
the nombep thought of. 

Tltt* operation might be varied by defiriQg the 
perfon to multiply the fecond number by itfelf* 
«ftee it has been diminilhed by unity. In this cafe* 
tha number thought of will be equal to the gisat^ 
fa^f of the > difference of the two f(|uares% 
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Thus, in. the preceding example, the fquare of 
ihe number thought of is loo, and that of the fame 
number Icfs unity is 81 : the diflFerence of thefe is 
19, the greater half of which, or 10, is the number 
thought of. 

III. 

Bid the perfon take t from the number thought 
of, and then double the remainder ; defire him to 
take 1 from this double, ,and to add to it the number 
thought of : in the laft place, afk him the number 
arifing from this addition, and if you add 3 to it, 
the third of the fum will be the number thought of. 

The application of this rule is fo eafy that it is- 
needlefs to illuftrate it by an example. 

IV. 

Defire the perfon to add 1 to the triple of the 
number thought of, and to multiply*' the fum by 
g ;. then bid him add to this produ£l the number 
thought of, and the refult will be a fum, from which 
if 3 be fubtra£led, the remainder will be decuple of 
the number required. If 3, therefore, be taken 
frotn the laft fum, and if the cipher on the right be 
cut off from the remainder, the other figure will in- 
dicate the number fought. 

Let the number thought of be 6, the triple of 

r^arhich is 18; and if unity be added it makes 19; 

the triple of this laft number is 57, and if 6 be 

^ed it makes 63, from which if 3 be fubtrafled 
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the remainder will be 60 : now if the cipher on the 
right be cut oiF, the remaining figure 6 will be the 
number re<][uired. 

V. 

Another method of telling the number any ont har 

thqught of. 

Thefe operations, by which a pcrfon feems to 
g}xets the thoughts of another, may be introduced 
very opportunely in company, when any one 
aflerts that all amufing tricks are performed by 
flight of hand. The following method may be 
found in Ozanam, but we have here made fome ad- 
ditions to it. ift, Defire any perfon to think, nf-a. 
number , but that we may not fpeak in too abftra£l 
a manner, it will be beil to defire him to think of a 
certain number of guineas. 2d. Tell the perfon 
that fome one of the company lends hiin a fimilar 
fum, and requell him to add them together, that 
the amount may be known. It will here be proper 
to name the perfon who lends him a number of 
guineas equal to the number thought of, and to beg 
the one who makes the calculation to do it with great 
care, as he may readilly fall into an error, efpecially 
the firft time. 3d. Then fay to the perfon : ** I do 
not lend you, but give you 10, add them to the for- 
mer fum." 4th. Continue in this manner : ** Give 
the half to the poor, and retaia.in your memory the 
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» 

Other half/' ^th. Then add : " Return to the gen- 
'tleman or. lady what you borrowed, and remember 
that the fum lent you was exaftly equal to the 
jtiumber you thought of." 6th. Afk the per- 
fon if he knows exaftly what remains ; he will 
arifwer •' yes:" you mujft then fay : •* and 1 know 
alfo the number, that remains ; it is equal to what I 
am going to conceal' in my had," 7th. Put into 
one of your hands 5 pieces of money, and defire the 
perfon to tell how many you have got. He will re. 
ply g; upon which open your hand and fhew him 
the, 5 pieces. You may then fay : " I well knew 
that your refult was 5 ; but if you had thought of 
a very large number, for e;Kample two or tbrec mil^* 
lions, the refult would have been much greater, and 
I fhould not have been able to put into my hand a 
number of pieces* equal to the remainder*" The 
perfon tlien fuppofing that the refult of the oalcula^ 
tion tnuft be different, according to the diflFerence 
of the number thought of, will imagine that it ifr 
neceffary to know the la ft number, in oMer to guefs 
the refult ; but ' this idea is falfe ; for, in the cafe 
which we have here fuppofed, whatever be the num- 
ber thought of, the remainder muft always be 5. 
The reafon of this is as follows : the fum, the hal£ 
of \s4iich is given to the poor, is nothing elfe than 
twice the number thought of pitis 10 ; and when the 
poor have received their part, there remains only ^ 
the number thought of plus 5 ; but the number 
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thought of IS cut off when the fum borrowed is re- 
turned, and confeqtientry there remains only 5. 

It may be theilce feen, that the refult may be - 
c^fily known, fince it will be the half of the num- 
ber given in the third part of the operation ; for 
example, whatever be the number thought of, the 
remainder will be 36, or s'j, iiccording as 7a or 5^ 
have been given. 

Remark 1 ft. If this trick be performed feveral times- 
fuccefltvely, the number given in the third part pf 
the operation muft be always different, for if the 
irefult were feveral times the fame, the deception 
might be difcovered» 

2d. When the five firft parts of the calculation for 
obtaing a refuU are finiihed, it will be belt not to 
name it at firft, but to continue the operation to 
render it more complex, by faying for example : 
•* Double the remainder; dedu6ltwo; add three; 
4ake llie fourth part,. &c. and the different fteps of 
the calculation may be kept in mind in order to 
know how much the firft refult has been increafed 
or diminiftied/' This irregular, proccfs never fails. 
to confound thofe who attempt to follow it. 

IPkob. II. To tell two or more numiers< zphich m 

per/on has thought of. 

I. , 

When each of the numbers thought of does npr 
exceed 9 ; they miy be evilly found in the foUO¥^ 
ing^mannec F 4 
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Having made the perfon add i to the double of 
the firft number thought of, defire him to multiply 
the whole by 5, and to add to the produ£k the fe- 
cond number. If there be a third, make him 
douUe this firft fum and add 1 to it ; after which 
defire him to multiply the new fum by 5, and to 
add to it the third number. If there be a fourth 
you muft proceed in the fame manner, defiring him 
to double the preceding fum ; to add to it unity ; to 
multiply by ^, and then to add the fourth number ; 
and fo on. 

Then aflc the number arifing from the addition of 
the laft number thought of, and if there were two 
numbers fubtraft 5 from it ; if there were three, ^5 ; 
^if there were four, 555 ; and fo on ; for the remainder 
will be compofed of figures .of which the firft on 
the left will be the firft number, thought of, the next 
the fecond, and fo on. 

Suppofe the number thought of to be 3,4,6: by 
adding 1 to 6, the double of the firft, we ihall have 
7, which being multiplied by 5, will give 35 ; if 
4, the fecond number thought of, be then added, we 
(hall have 39, which doubled, gives 78 ; and if wc 
add 1, and multiply 79, the «fum, by <;, the refult 
will be 395* In the laft place, if we add 6, the 
number thought of, the fum will be 401 ; and if 
J5 be dedufted from it, we fliall have for remainder 
gf^e, the figures of which 3, 4, 6, indicate in order 
the three numbers thojught of, . 
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'II. ' 

If one or more of the numbers thought of, be 
greater than 9, we muft diftinguifli two cafes : that 
in which the number of the numbers thought of is 
odd, and that in which it is even. 

In the firft cafe, alk th^ fum of the firft and the 
fecond; of the fecondand third; the third and the 
fourth ; and fo on, to the laft ; and theii the fum of 
the firft and the laft. Having written down all 
thefe fums in order, add together all thofe, the places 
of which are odd, as the firft, the third, the fifth, 
&c. ; make another fum of all thofe, the places o( 
which are even, as the fecond, the fourth, the fixth, 
&c. fubtraft this fum from the former, and the re« 
mainder will be the double of the firft number* 
•Let us fuppofe, fpr example, that the 5 following 
numbers are thought of, viz. 3, 7, 13, 17, 20, 
which when added, two and. two as above, give 
10, 20, 30, 37, 23 : -the fum of the firft, third and 
fifth is 63, and that of the fecond and fourth is 57 : 
if 57 be fubtrafted from 63, the remainder 6 will 
be the double of the firft number 3. Now if 3 be 
taken from 10, the firft of the fums, the remainder 
7 will be the fecond number ; and by proceeding in 
the fame manner, we may find all the reft. 

In the fecond cafe, that is to fay, if the number 
of the nqmbers thought of be even» yoo muft aik 
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and write down as above the fum of the firft and the 
fecond ; that of the fecond and third ; and foon, .a$ 
before; but inftead of the fum of the firft and the 
Jaft, you muft take that of the fecond and laft; then 
add together thofe whidi ftand in the even places^ 
and form them into a new fum apart * add alfo thofe 
in the odd phtces^ the firft excepted, and fubtraCt 
, thk fum froHL the former: the remainder will be 
the double of the fecond nmnber ; and H* the {ecatid 
number, thus found, be fubtrafled from the fum of 
the firft and fecond, you will have the firft numl>er; 
if it be taken from that of the fecond and third,, it 
will give the third ; and fo of the reft. Let the 
numbers thought of be, for example, 3^ 7, 13, 17 : 
4he fums formed as above, are i&, 20, 30, 24; the 
fum of the fecond and fourth is 44, from which if 
30, the third, be fubtra6led the remainder will he 
14, the doable of 7 the fecond namberx The firft 
therefore is 3, the third 13, and the fourth 17*. 

\ Prob. iii» a per/on having in cne hetna an even 

number ofJhiUings^ and i» the atheif an odd, t^ 
tell in which hand he has th'e even numier^ 

Defire the perfon ta multiply the number in the 
Hght hand by any even number whatever, fuch af. 
s ; and that in the left by an odd number, as 3, ; the» 
bid him add together the two produfts, and if the 
whale fum be odd, the even jiumber o£ fliitltng^ 
^will be in the right hand^ and the odd number lA 
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tfie left ; if! the {um be even, the contraiy will be 
the cafe^ 

' Let us fuppofe, for example, that the perfon hat 
8 fliiliings in his right hand, aiid 7' in his left; ^ 
multiplied by 2< gives 16^ and 7 multiplied by 3^ 
gives ai : the fum of which, 37, is an o<ld number*. 
If the number in the right hand were 9-, and thafr 
in the left $i we (hoiild have 9 x 6 :=^i^9 and 8 K 
3' =: 24 ;: the fum of which two produ£b is ^^ an? 

even number*. 

« 

Pnofi ^ I v~.. Aptrfon kahing in one hand a piax efi 
gold, and in ike other a piece of fiver j to tell 
m whxcki hand he has the gold% and in tahick tie 
fiver- I 

For this ptrrpoft, fome value, reprefented by aki 
«ven niimber,. fuch as 8, muft be affigned. to the 
gold, and a value reprefented by an odd number,, 
fcth as 3, muft be afligned to the filver; iftcr 
which, you may proceed exactly in the fame n&dli- 
«cr as in the preceding example. 

ift. To conceal the artifice better, it will be luf- 
lEcient to a(fc whether the fum of the two produ£ls can 
ftc halved without a remainder; for in that cafe the 
total will be even-, and in the contrary cafe odd. 

2d. It may be readily feen that the pieces, inftead 
of being in the two hands of the fame perfon^ miy 
be fuppofed to be in the hands of two perfons, one 
^ whom has the even number, or piece oi gpUf. 
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."and the other the odd number, or piece of Given 
The fame operations may then be performed in re- 
gard to thefe two perfons, as are performed in re- 
gard to the two hands of the fame perfon, calling, 
the one privately the right, ^ and the other the 
kft, 

Proe. y. The game of the ring^ 

This game is nothing elfe, than an application of 
one of the methods employed to tell feveral numbers 
thought of, and ought to be performed in a company 
not exceeding 9, in order that it may be lefs com- 

xplex. ' Defire any one of the company to take a ring^ 
apd to put it on any joint of whatever finger he may 
think proper^ The queftion then is, to tell what 
perfon has the ring, and on what hand, what fic^- 

^^r, and what joint. 

For this purpofe, you muft call the firft perfon 1, 

.the fecpnd 2, the third 3, and fo on. You mu^ 
alfo denote the 10 fingers of the two hands» by tbe 

.following numbers of the natural progreffion 1, 2^ 
3> 4» 5» &c. beginning at the thumb of the- right, 
and ending at that of the left, that by this order the 
numbei: of the finger may at the fame time indicatie 

' the hand. In the laft place, the joints muil bq denoted 
by 1, 2, 3, beginning at the points of the fingers. . 
To render the folution of this problem more ex- 
plicit, let us fuppofe that the fourth' perfon in the 
company has the ring^ pa the fixth finger, that is ta 
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fay, on the little finger of the left hand, and on the , 
fecond joint of that finger. 

' 'Defirc fome one to double the number expxef- 
fing the perfon which, in this cafe will gi<re 8- bid 
him add 5 to (his double, and multipl5^ the fum by 
5, which will make 65 ; then tell him to add to -this 
■produft the numbet denoting the finger, that is ti> 
fay 6, by^which mearts you will have 71 ; and, in 
the lafl place, de{ire him to multiply the lad num- 
ber by 10, and to add to the produft the number of 
the joint 2* The laft refult will be 712: if from, 
this nicmber you dedufl: 250, the remainder will be 
462 ; the firft figure of which, on the left, will d«i- 
note the perfon ; the next the finger, and confe* 
quently the hand, and the laft the joint. 

It muft here be obferved, that when the laft re- - 
fult contains a cipher, which would haye happened 
in the prefent example had the number of the finger 
been io» yOu muft privately fubtraS, from the 
•figure preceding the cipher^ and affign the value of 
ten to the cipher itfelf. 

The fame formula, as niay be readily conceived^ 
will aufwer for all cafes whatever. 

Prob. VI.. To guefs the number of fpots on any 
card which a perfon has drawn from a whole 
pack* 

Take a whole pack, jpnfifting of 52 cards, and 
.defile fame perfon in company ^o draw out anjr 
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card, at pleafure, without fliewiiig it, Hkviiig af^ 
figned to the different cards their ufual value, ax;« 
Wording to their fpots, call the knave i Vr the qadetti 
B8, and the king ig. Then add the fpots.of tbe^ 
firft card to thofe of the fecond ;. the laft fum to the^ 
third ; and fo on, alwayrs rejefiing f 3^ and keeping, 
t^e remainder to add to the foUowing^ card* It vaaf 
^ readily feen that it is- needlefs to reckon the kingn^ 
which are counted 1^ If any fpots remain atr the 
tail card, you muft fubtrafV them from 13, and the- 
vemainder will indicate the card that hai been^ 
«hrawn: if 12 remams« it has h^n an ace;, but i£ 
.aOthing remains, it has been a king^ 

Ikmonjlration^ 

iSnee a complete pacL contains v^ carcBi of eac& 
'&x\ti the values of which are i, a, 3, &c. as far a» 
S3, the fum of ail the fpots of each oii^t dif&rent 
fuits, will be 7 times 1^3 (21), which ifr a muhiple^ 
jef 13 ; confequently the quadruple is alfo ainultipfe' 
of 13: if we add therefore, the fpots of all the 
cards, always rejfe£ling 13, the remainder at laffi 
muft be o^ Hence it is evident that if a cani, the* 
fpots of which are lefs than 13, be drawn, the dif*, 
lerence between its fpots and 13 will hie what 1*^ 
wanting to complete the number. If at the end: 
then, inftead of attaining to 13, we attain only to 
10, for example, it iis plain that the card wanting is 
^ 3 ; and if we attain tuoBXy to 23, the Cinrd mif^ 
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fing muft be equivalent* to 13 ; that is, it mull be- 
at king. 

PkOB* Vii* Itiper/bn Aamng a (xftain number cf' 
counters in each hknd; ix> ^nd hew many iicAds 
uliogHher^ 

Defire the perfbn to convey 4, For example,. 
from the one hancTto the other ; and then alk him 
how many times the lefs number is contained in the- 
greater ? Let us fuppofe that he fays the one is the 
triple of the other; in this cafe multiply^ 4, the 
number of counters conveyed from one hand into* 
theother^.by g, and add the fame number, which 
will make i6^ In the laft place, from the far^ie: 
number 3, fubti^ unity, and if you divide 16 by 
sr, the remainder,, the quotient 8 wilt be the nuihw- 
ber contained in 'each hand; and coniequehtly the 
whole number is i6«. 

Let u8 now fuppofe, that j/fhtn 4 counters are 
conveyed from one hand to the other,< the Ie& numw 
ber is contained in the greater 2!: times ^ in (hia> 
ca{e, we mtift,. as before, multiply 4 by 24> which 
wiJl give gr| \ ta whkh if 4 beaddec?, we ffiaflt have 
^5t. ^ V* Then if unky betfkktti jRroitt 44^ thfe 
f emainder will be t\ or ^ ;. by whieli il \^ be di* 
vided, the quotient 10 will bethenteiber of co\in* 
ters in each hiuid„ a$ ma^ be eafily proved oi| 
liiaK 



112 AMUSEMEKTS 



Prob. VIII. Several cards being given: to' Ulf 
which of them a per/on has thought of. 

DeGre the pcrfon to remember the card,' and it» 
place in the pack, counting from the bottoti). Then 
take the cards, and in a dexterous manner, fo as not 
to be perceived, convey a certain number of theih 
from the top to the bottom ; and fubtraft them in 
your mind from the pack, with the number of which 
you are acquainted. If the pack, for example, con- 
fifts of 52 cards, and you have conveyed 8 to the 
bottom, tell the perfon that the card he has thought 
of will be the Torty- fourth » reckoning from the card 
the place of which heis going to name. Thus, if he 
fays it is the ninth, you go on counting 9, 10, 11^ 
&c. and the card he^ thought of will be exaftly the 
forty-fourth, ;as you announced. 

Prob. ix. Haxnngfpread out on the {able 7.0 car ds^ 
arranged two and fwo^ and dejtred one or more 
ptrfons to think of two^ provided they lie clofe fo 
itach other ^ to tell which cards they have thought of. 

You muft retain in your memory the four follow* 
jing words, with the arrangement of the letters which 
pompofethera: 



m 


X 


s 


a 


z 


• 


a 


t 


I 





n 


e 


m 





n 


V 


t 


s 


U 


I 
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CoUeft all the cards into the left hand, two by 
two, as they lay on the table, and then place them» 
one by one, in the fame order as the preceding let* 
ters, taking care to place the two firft as the two m^ 
the two next as the two i, the two following as the 
two J, and fo on. 

A(k each perfon in which horizontal row his two 
cards are. If he fays they are both in the fame row, 
for example the third, they will be pointed out by 
the letters n and «, contained in that row ; if they 
are in two different rows, as the firft and laft, the 
letters s and s w^ill indicate the pUce which they 
occupy. 

pROB. X. To make all the cards of the fame kind 
to be found together^ however often the pack may 
have been cut. 

Have in readinefs a pack, all the cards of which 
are arranged in fuccefliye order ; that is to fay, if it 
confifl of 52 cards, every 13 muft be regularly ar* 
ranged, without a duplicate of any one of them. 
After they have been cut as many times as a perfon 
may choofe, form* them into 13 heaps of 4 card$ 
each, with the coloured faces downwards. When 
this is done, the 4 kings, the 4 queens, the 4 knaves, 
and fo on muft neceffarily be together. 

Pr OB . XI. The four indivifible kings* 

Take four kings, and place between the third and 
fourth any two comnion cards whatever, which muft- 
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be neatly conceakfl ; then ihew the four kings, and 
place the fix cards at the bottom of the pack ; take 
one of the kings, and lay it on the top, and put one 
of the common cards into the pack nearly about th^ 
middle ; do the fame with the other, and then (hovr 
that there is ftill one king at the bottonl : defire any 
one to cut the pack, and as three of the kings were 
left at the bottom, the four will therefore be found 
together in the middle of the pack* 

JP.igOB. XII. Two heaps of cards being dif played 
on a table y to write down on a piece of paper that 
heap which a perfon will chooft. 

Place in a heap a or 3 fevens ; and in another 7 
cards^ Write on a bit of paper the wordy5t«», and 
invert it, that what you have written maybe con-. 
xealed; then defire any one to, choofe, and when 
that is done, turn up the heap chofen, and prove 
the truth of your predi£iion by (hewing what you 
' wrote ; but you inuft take care to fhew only the 
heap which has been chofen. 

pR OB. XIII. Several cards being prefenttd in fitc^ 
cejjion to fever al per fans ^ that they may each choofi 
one at pleafwr^; to guefs that which each has 
thought of. 

Shew as many cards to each perfon as there are 
^fons to choofe $ that is to fay, 3 to each, if there 
Hje f pcrfonsi, Wfa«a the fidl hju t)ioi^ of ow^ 
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by adde the ^iree cards in which he bas-made bis 
choice. Prefent the fame number to tl^ fecond 
per fen, to think of one, and lay a fide the three 
cards in the like manner. Having done the fame in 
regard to the third perfon, arrange all thefe cards in 
three rows, Mrith their fisices turned downwards, find 
then put them together in order. If you take the 
§ firfty and prefent them fucceffively to the dil£^re»t 
perfons, and do the fame thing with the oth^r^, you 
may eafily guefs the | carols, by obferving that the 
card thought of by each perfon will have the (ame 
place among the cards as the pefrfon has in regard to 
the other two ; that is to fay, the card thought of by 
the firft perfon^ will be firft of that packet in which 
he difcovered it ; that thought of by the fecond, 
will be the fecond in the placket, where he recog- 
nized it ; and that of the third, will be the lall and 
in the laft packet. 

The operation is exaflly the fame when the num* 
ber of perfons is greater. If, inftead of 3, there ar^ 
4, or g perfons, four or five cards mufl: be prefented 
to each. 

pROB. XIV. Thrte cards hdng prtfenitd to thrtt 
* P^t/ous ; to gutfs that which each has chofcn^ 

As it is neceflary that the cards prefented (hould 
be diftinguiflied, we fliall call the firft A, the fecond 
B, and the third C^ Let the perfons, whom we 
fltall diftinguiOi by fifft, fecond » and th&rdi tkyoCft 
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privately which ever of the cards they think propeff 
and when ihey have made their choire, which is 
fufceptible of 6 varieties, give the firft perfon 12 
counters, the fecond 24, and the third 36 : then de« 
fire the firft perfon to add together the half of the 
counters qf the perfon who has chofen <he card A ; 
the third of thofe of the perfon who has chofen B ; 
and the fourth part of thofe of the perfon who has 
chofen C ; and afk the fum, which muft be either 
23 or 24 ; 2^ or 27 ; 2& or 29, as in the following 
table : 



Firft. 


SecoDcU 


Third. 


Sumi 


19 


24 


36 




A 


B 


c 


*3 


A 


C 


B 


«4 


B 


A 


C 


85 


C 


A 


B 


27 


B 


C 


A 


28 


C 


B 


A 


29 



This tiible fliews, that if the fum is 25, for ex- 
ample, the firft perfon muft have chofen the card B, 
the fecond the card A, and the third the card C ; 
and that, if it be 28, the firft perfqn muft have 
chofen the card B, the fecond the card C, and the 
third the card A ; and fo of the reft* 

P&OB. xy. To tell the number of fpots^ on all the 
bottom cards of fever al heaps ^ arranged on a table. 

. Arrange each heap of cards in fuch a manner, that 
tl(e,fpotsK)a t|ie bottom OQe, added to the card^abovo 
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it, may always amount to 12 ; continue to make as 
many heaps as poflible, in the manner above pre- 
fcribed, and place the remaining cards on one fide* 
Then feparate in your mind four Heaps, and muhiply 
the heaps which remain,, after thefe are deduSod, by 
13 ; thjs produft, added to the number of cards, 
will be that of the fpots required. We fliall give " 
the folution of this problem by an analyfis in ailotb^r 
place. 

Prob. XVI. To name all the cards of a pad. , 

Havfs a complete pack of 52 cards, and arrange 
them according to tl e order of the following words, 
which you muift jetain in your memory : 

Unus quinque novem famulus fex quaiuor duo 
Kct, five nine knave fix four two 

Rex feptem o3o famna trina decern 
King feven eight queen three ten 

Befides this firft order, you muft arrange them 
•Ifo according to the order of the colours, fpadc^s, 
hearts, ''clubs, and diamonds ; fo that the ^2 cards 
may be diijpofed as follows : „ . 
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Order of the Cards* 


1 Ace of fpades 


27 Ace of clubs 


^ Five of hearts 


28 Five of di^nonds 


3 Nine of clubs 


29' Nine of fpades 


4 Knave of diamonds 


30 Knave of hearts 


^ Six of fpades 


31 Six of dubs 


6 Four of hearts 


32 Four of diamonds 


7 Two of clubs 


33 Two of fpades 


8 King of diamonds 


^4 King of hearts 


9 Seven of fpades 


35 Seven of clubs 


so Eight of hearts 


36 ^ight of diamonds 


X 1 Queen of clubs 


37 Queen of fpades 


12 Three of diamonds 


38 Three of hearts 


18 Ten bf fpades 


89 Ten of dubs - 


14 Ace of hearts 


40 . Ace of diamonds 


1^ Five of clubs 


41 Five of fpades 


16 Nine of diamonds 


42 Nine of he^ts 


17 Knave of fpades 


43 Knave of clubs 


18 Six of hearts 


44 Six of diamonds 


19 Four of clubs 


45 Four of fpades 


x6 Two of cliamonds 


46 Two of hearts 


%\ King of fpades 


47 King of clubs 


S2 Seven of hearts 


48 Seven of diamonds 


»3 Eight of clubs 


49 Eight of fpades * 


S4 Qiieen of diamonds 


50 Queen of hearts 


1 

ft^ Three of fpades 


£1 Three of clubs 


ft6 Tea of hearts 


j;2 Ten of diamonds 



j 



\ This order is. bf fuch.a. nature, ^ihat by Hnpwii^ 
any one of the ^2 cards^ that which fpUpw^ it may 
be alfo known. 

Thus, for example, if it were required to knovy 
what card follows the king of fpades, it. will be fuf- 
iQcient to recolleft that ftpttm^ in the two latin 
4ines above givieo,. which foUowii that pfir^jv, denotes 
that it is a fevea ; and. as the colour which. follpw$ 
the fpadcs is. hearts, it is the. feveji of h^ar^s, and fo 
of the reft. 

Every thing being thus arranged, haying reta«»e<r 
in youJr memory the. above wotds, and the. ordejc of 
the colours, defire any perfon to cui the pack a$ 9VHiy 
times as he choofes ; for it vriU b<^ eafy to naiii^ al) 
the cards in otder, provided you have found means, 
by feme dexterous, manceuvre, to obferve that oii|( 
which is at the top of the pack* 

Th^ fame ar^angfament of t^ ciHrdfi ii^y be em* 
ployied for v^us aiyiu^Crmcfita* 

tjl. To mak4 a ptrfon believe that you can diftin* 
jguijh the cards by ihdrJmelU 

The pack being difpofed in the a1^^,0)-<}or, pf^ 
fentit to any oii^» tbati he laay. chpofe >.c^4 a>t 
pkafuns^ open tb^.piicik at the plfice. wber^^ith^ 
faeen.dawn out« aod.(ii<s;cttrQ]Kii}y. ob|i^iFve th^f w,hk;)| 
pflftosdfis it,: by.feeming lo fm^U th^ pI$|ce/f)o||i yilpj^^ 
k. was. tal^n» k wiil di(^p he ^eiy «|fy AQ,;^n%|ft, 
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at it can be only ^hat which follows in the orJer al- 
ready indicated. - ' , . 

» • 

Bd. A pack of cards being divided into two parts; 
to dijcowr whether the number in each be odd 
, or even. . 

Firfi, find out Whether the laft card in the pack, 
be black or red ; then, on the pack being cut into 
two parts, if the card found at the bottom of the 
upper divifion is of the fame colour as that at the 
bottom of the pack, ..the two parts wliich have been' 
feparated, contain each an even number ; on the 
4nher hand, if it be of a different colour, they con- 
tain each an odd numben 

^grfi To tell the number of [pots on fever al cards vMch 

. any perfon has chofen,. • 

Having prefented the pack, that the perfon may 
chooie feveral fucceeding cards at pleafure, private- 
ly pbferye the. card which is abpvc'thofe, he has 
chofen, and how many he has drawn from the pack ; 
it will then be eafy to count how many fpots they 
Cillght \o conftinl  • • ^ 

^ For ejtaiftple, if tbeobfcrved cardbea nine, imd 
four cards have been drawn,* it rtiay rea;dily be ieen 
fhaJt thoYe drsiwii teull; fte a knav^, equivalent to lo 
fpots,; a fix, a four^nd a two. You may tben^an* 
voiinfe^that thef csh^, in the'perfons hand, coiitaiji 
«2 fpots. 
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jPnoB. XVII. Having defired^a ptrfon to dram 
four car dj from a packy and to think-' of on€ of 
them; to tell the one he has thought of 

Suffer the perfon to draw four cards froii the 
pack at pkafure, and defire him to think of one of 
them ; then take thefe JFour cards hack, and place 
two of them at ihe topand two at the bottom of the 
padc» in a dexterous manner, fo as not to be per« 
ceived: under the two laft, place any fcmr card$ 
whatever ; then difplay the lower part of the pack 
on the table, (hewing only 8 or to cards, an4 afk 
the. perfon whether the one he thought of b^^|pa#ng 
them ; if he fays no, you may be fure fhat it is one 
of ^be two which you put at the top of the pack ; in 
|hat cafe you niuft transfer them to the bottom, and 
then, fhevying the bottom of the pack, fay : '* Is not 
this your card ?'* If he replies ** no,*' turn afidcy^h^ 
card with your third finger, which you muft have 
j)revioiifly-moiflened, and defire him to draw.*|^ hif 
card himfelf frona the bottom of the pack. 

if the perfon fliould fay that the card her thought of 
is among the firftfliewn to- him, dexteroufly remavc 
the four cards put at the bottom of the pack, in order 
that the two, one of which is the card he thought of, 
may be the Ipweriliol): of the pack, and you may 
then eith^.fliew him his card or make him draw it 
out himfelf, as' ?ibov9 explained. 



tfiA AMU^EMENTJ 

Prob. XVI r I. Three things being privately dif" 
tributcd to thru ptrfons^ ta gue/s that which each 
has got. 

iM the three things be a ring, a ihiliing, arid a 
gjove. Call the ring A, the (hilling £, and the glove 
I ; and fli your own mind diftinguifli the perfons by 
tailing them firfi, fecond, and third. Then take 24 
Counters, and give one of them to the firft peiibn, 
CWoto the fecond, and three to the third* Place 
the remaining 18 on the table, and th^i retire, that 
the thiee perfons may diflribute among themfelves 
the tMiigs propofed, without your obferving them. 
When the diftribution has been made, defire the 
perfon who has the ring to take from the 18 remain^ 
tng counters, as many as he has already ; the one 
who has the fliilling to take twice as many as he has 
di«»dy, and the perfon who haa the glove to tdke 
four times as many. By thefe different combinations 
the counters left can be only 1, 2, 3, 5, 6, or 7* 
When this is done, you may return, and by the 
littmber of counters left you can difcover what 
thing, each has got, by employing the ibilowing 
words : 

1 235, * 7 

Fwrjtr Ccjar. jadis demni, JS grand prtnc€m 

To make ufe of thefe words, you mull recoHeft 
what has been already faid, vis. that the number of 
the counters which imiain, ^an be only 1, 2, 3, 5, 
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6 or 7, and never 4; you muft obferve alfo, that 
each fyHable contains one of the vowels, which we 
have made to reprefept the three things propofed, 
and that the above line muft be conildered a& con- 
fifting only of fix words: the firft fyllable of each 
word muft alfo be fuppofed to reprefent the firft 
perfon, and the fecond fyllable the fecond perfon» 
This being comprehended, if there remains only 
one counter you muft employ the firft word, or 
rather the two firft fyllables par fer, the firft 
of which, that containing A, fhews that the firft 
perfon has the ring reprqfented by A ; and the fe- 
cond fyllable, that containing £, (hews that the 
(eoond perfon has the fhilling, reprefented by E J 
from which you may eafily conclude that the third 
perfon has the glove* If two counters remain, you 
muft take the fecond word Ce/ar, the firft fyllable 
of which, containing E, will fliew that the firft per- 
fon has the {hilling, reprefented by E; and the fe- 
cond fyllable, containing A^ will indicate that the 
fecond perfon has tfce ring, reprefented by A : you 
may then eafily conclude that the third perfon has 
the glove. 

Prob. xix% To tell^ by infpt3ing a watck^ atzi^kat 
hour a ptrjjm has refolx^ed to rife nemt morning. 

ift. When the perfon has thought of an hour» 
bidhim touch fome other hour on the diaUplatCt 

G a ^ 
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and then deGre him to add 12 to it privately in 
his own mind, which will form a certain num- 
ber. 

2d. Then defire him to proceed backwards, and 
to count the above number, beginning with the 
hour which he thought of. 

Let the hour thought of, for example, be 8, and 
that touched be 3 : as 12 added to 3 makes 15, de- 
fire the perfon to count that number, in a retrograde 
order from the hour touched, beginning with 8 the 
hour thought of; counting 8 on the hour 3, 9 on 2, 
10 on 1, and fo on, by which means 15 will fall 
upon the hour of 8. 

The perfon will be furprifed to find that he has 
fallen on the hour be thought of. 

Prob. XX. Two ptrfons agree to take alternately 
numbers less than a given number^ for example 11, 
and to add them together till, one of them has 
reachtd a certain Jum^ fuch as 100/ by what 
means can one 0} them infallibly attain to thai 
number before the other ? 

The whole artifice of this problem Confifts in im- 
mediately making choice of the numbers i, 12, 23, 
34^ and fo oil, or of a feries which continually in- 
4:reafes by 11, up to 100. 

Let us fuppofe that the firft perfon, who knows 
the game, makes choice of 1 ; it is evident that his 
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adverfary, as he muft count lefs than 1 1 , can at moft 
reach 11 by. adding lot^^it. The fir ft will then 
take 1, which will make 12 ; and, whatever number 
the fecond may add, the firft will certainly win, 
provided he continually adds the number which 
forms the complement of that of his adverfary to 1 1 : 
that is to fay, if the latter takes 8, he muft take 3 ; 
if 9, he muA take 2, and fo on. By following this 
method, he will infallibly attain to 89 ; and it will 
then be impoffibfe for the fecond to prevent him 
from getting firft to 100 ; for whatever num- 
ber the {^oni takes, he can attain only to 99 ; aftef 
which the firft may fay : *' and 1 makes 100.*' If- 
the fecond takes 1, after 89, it would make 90 ; and 
bis adverfary would finilh by faying : " and 10 make 
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It is evident that, when two perfons ' are equally 
well acquainted with the game, he who begins mulk 
neceffarily win. 

Prob. XXI. Sixteen counters being difpofedin tw& 
rowSy tojind that xuhick a per/on has thought qf\ 

The counters being arranged as follow, defire the 
perfon to think of one, and to obferve well in wfaick 
row it is : 
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A 


B 


C 


D 


E 


F 


H 


I 


■o 


o 


o 


o 


o 


o 


o 


* 


o 


o 


o 


o 


ff 


o 


o 


o 


o 


o 


» 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 

w - 


o 


• 


O ' 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


' p 


o 


Q 


o 


o 


o 


o 


o 


, o 


o 


o 


O" 
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Let usfuppofe that the counter thought of is uv 
the row A : -take up the whole row in the order in 
^hich it now {lands, and 4ifpo& i^ ^^ two rows 
C and D, in fucb a manner, that the firH counter of 
the row A liiay be the firft of the rpw C ; the fecond 
of the row A, the firft of the row D ; and fo oh^ 
transferring^ the 16 counters from A a^d B, toC 
and D. This being done, again afk in which o£ 
the vertical rows the counter thought of ftands* We 
fhall fuppofe it to be in C : remove that row as well 
as D, obferving the fame method as befoige ; and 
continue in this manner until the counter thought of 
becomes the firft of the row I. If you then alk in 
which row it is, it may be immediately known^ be-' 
caufe after the laft operation it will be the firft in 
the row faid to contain it ; and as each row has a 
diftinguifbing charafteror fign, you may caufe them 
all to b(| mixed with each other, and ftill be able to. 
difcover it by the fign yoa have remarked.. 
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Inftead of 16 counters, 16 cards may be em- 
ployed. After you have difcovered the one thought 
of, you may caufe them to be mixed, which will 
.conceal the artifice. 

If a greater number of counters or cards be em- 
ployed, difpofed in two vertical rows, the counter 
or card thought of will not be at the top of the row 
after the laft tranfpofition : if there are 32 counters 
or cards, 4 tranfpofitions will be neceffary ; if 64, 
there muft be ^ ; and fo on. 

* I 

I 

pROB. xxii. A certain number of cards being Jhewn 
to a per/on^ io guefs that which he has thought 

of- 

To perform this trick, the number of the cards 
muft be divifible by 3 ; and to do it with more con* 
venience, the number muft be odd. 

The firft condition, at leaft, being fuppof(5d, tlie • 
cards muft be difpofed in three heaps with their faces 
turned upwards. Having then afked the perfoa in 
which heap is the card thought of, place the heap» 
one above the other, in fuch a manner that the one 
containing the card thought of may be in the middle* 
Arrange the cardi again in three heaps, and having 
alked in which of them is the card thought of, re- 
peat the operation as before. Arrange them a third^ 
time in three heaps, and h^ing once more aficed 
llie fame queftion^ Corm them aU into aoe heap, thai 

G4 
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containing the card thought of being in the middle. 
The card thought of muft then neceflkrily be the 
niiddlfi one, that is to fay, if 1^ cards have been 
employed, it will be the eighth from the top ; if 21, 
the eleventh; if 27, the fourteenth; and fo on. 
When the number of the cards is 24, it will be the 
twelfth, &c. 

Pr OB. XXIII. To arrange 30 criminals in suck a 
manner^ that by counting them in succession^, aU 
ways beginning again at the Jirjl, and rejeSing 
every ninth per/on, 15 of them may hefaved. 

Arrange the criminals according to the order of 
the vowels, in the following Latin verfe, 

4521 si i&a3le3t 

Populeam virgam mater reginaferebat, 

Becaufe is the fourth in the order of the vowels, 
you muft begin by four of thofe whom you wifli 
to fave ; next to thefe place five of thofe whom you 
wifh to punifh ; and fo on alternately, according to 
the figures which ftand ov^r the vowels of the above 
verfe, 

4n a company confijling of fever al perfons^ the fol- 
lowing game m>ay be introduced by way of amufi* 
fnent. 

We fliall fuppofe that there are J3 ladies in the 
company : in that cafe, provide 1 2 nofegays, and 
in order to mortify one of them^ without fhewing 
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any appearance of partiality, announce that you 
mean to let chance decide which of them is to go 
without one. For this purpofe, make the 13 ladies 
fland up in a ring, allowing them to place them- 
felves as they pleafe ; and diftribute to them the 
12 nofegays, counting them from 1 to 9, and ma- 
king the ninth retire from the ring and carsy with 
her a nofegay. It will be found that the eleventh,, 
reckoning from the one by whom, you began, will 
remain the laft ; and confequently will have no fhare 
m the diftribution. 

The following table will flicw the perfon*, before 
her whom you wifh to exclude, with whom yoir 
Hiuft begin to count g, fuppofing always that the 
number of the nofegays is lefs by 1 than that of the- 
perfons*. 

For i3perf6ns, the 11th before. 

12 . 2d: 

*i • . . . .jth.. 

K)..., .7th. 

gt.... .- 8th., 

8....... ..8th. 

7. 7th.. 

6 .....^th. 

S 8<J- . 

4. ....... ......3d. 

3. ....... ......24. 

2^ lAk 

6 
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PROB. XXIV. A man has a wotf^ a goat^ and a 
cabbage^ to carry over a river; bttt^ as he is obli* 
gtdto tranfport them one by one^ in whai manner 
is this to be done^ that the wolf may not b& 
left zvith the goat, nor the goat with the cai'^ 
iage ? 

He muft firft carry over the goat, and th«n rettinv 
for the wolf ; when he carries over the i»«df» he- 
muft take back with him the goat, which he nduft 
left^ve, in order to carry over the cabbage ; he may 
then rettirn, and carry over the gQat. By thefe 
m^ns the wolf will never be feft wkh the goat» 
weft the goat with the c^bage^ but when the boaU 
{nan is prefent.. 

Prob. XXV. In what manner can counters be dif 
pojed in the iight external cells t^f a/quare, fo^ 
that there ' may always be 9. in cock row, an(t 
yet the whole number fiaU var^ from 2q. U) 

This problem may be propofed in the following 
manner : A wine-merchant caufed 355 c^fks of choice 
wine to be dfipofiited in his cellar, . giving orders to. 
his clerk to arrange tKem in the annexed figure, fo. 
that each external row fliould contain g,. 






•T—" 



vjl order. 



13* 



1 7 . 1 

r~ ^— — — — »»^^— M il 

7 7 



The clerk, however,, took away t2 of them, m 
three different times; that is, 4 each time;, yet 
when the merchant went into die cellar, after eacb 
theft had been committed, the clerk always ^nade 
him count 9, in each row,.. How was tliiii pof- 
fible ? 

This problem may be eafily £61ved by iofpefi-*^ 
ing the following figures t 

^4 order ^ ^ order ^ 



2 


5 


2 

1 


5 
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i 2 
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2 
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3 


3 


3 
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3 


3 



4^4 order. 
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PjlOB, XXVI. To dijlniutt among 3 perjons^ 2t 
ca/ks of wine^ 7- qf them fiUL, 7 of them empty^ 
and 7 ofthtm hdlffidl, fo that each ofthemJhalV 
have the fame quantity of wine, and the fame 
number of cafks*. 

This problem admit! of two folutions, which- 
may be clearly comprehended by means- of^ the two^ 
following tables : 

^erfons. full calks. empty, 

2 2 

2' 2 

3 3 

full- ca(ks. 




half full. 

3 

3 

1 



Perfbns* 



.3d 



3 

3 
1 



empty, 

3 

8 
1* 



half full:. 

5 



Prob. xxvn. A fchoolmafler, to amufe hisfcho* 

• lari^ fhewed tHtm a number^ which he faid zva^ 

' ike sum of 6 rows, each conjifiing of j^ figures^ 

he then defired them to write- down ^roms of 

figures, to which Ke would add 3 more, and 

qffured them tKat the sum of the whole fhould It 

equal to the numier hefkewed them. 

To folve this problem, multiply in your own 
mind 9999 by 3 ; and the produft 29997 will be 
the number which* the fchoolmafter fliewed to his 
fcholar^. > 




IK CHAKCE^. t33r 

Rows of the 
fchc4arsr 

Rows of the P/ili 

-^ * 

Total .1^9997 , . , , . 

It majr be here feen that each %ure fet down 6yr 
the mailer istUe complement to 9 of that fet dowiv 
by the feholars ; . and confequently the fum^ thougb 
written down before*hand, inufl; be.exa£l.. 

PiVOB. xxviii.j ffaving itfirei^ any person tD rnuL-^ 
tipl^^JoT example y^ont of the three folhgving num* 
ters, by any figure at pleasure^ and to tell you. 

. the prod^B^ after mppreffing one figure of it^ 
and even changing th& order of the rejly to g^£S4i 

, the figure thai hof been suppressed. 

, Let* the ;t|iree. given ntiniber& be. 

234765' ; 
823644. 

If we fuppofe Ih^ perfQQ' to multiply the third 
aumber by . 6, the produ& of which will be 
4941864, whatever figure be effaced, it may b^ 
eafily difcovered by that wanting to complete the 
produfi, as the fum of its figures muft neceffarily 
be a multiple of 9. If the 6, for example, be flip, 
preffed, the. fum will not be a multiple of 9 ;, for 



it amounts onljr to 30 : as 6 therefore it wanting to^ 
30 to make it a muUiple of j^ you nkay boldly af- 
fert that 6 has been fuppreffed. 

As the fum of the 6gutes Would ftill be a mul- 
tiple of 9, if a cypher were fuppreflfed, and as it 
would confequently have no need of being com- 
plete^ you mull make it a condition- of the problem 
chat the perfon ihall f^)]^efs only otie'figmfitant 
or eifediv^ figure ;. and if you find thtt the fwn baisi 
no* need of being completed) you may concludid 
that the figure fjapprefled has been^a^. 

A mountebank, to give the jgreater air of the 
marvel !ou^ to thi^ fp6rt, pretehdedto Ait^o^er hy 
the fmell what'lrguif^ hid b^h;fi>pp/eifed: but it 
iftay daftly ht fup|>ofed t^at While he pretended to^ 
frttell the figures,^ he privately actdfed th^iK tdgether, 
fo as to difcover th6ir fuiiiJ 

There is aAofhef metliod of guefling tJie TUpw 
preffed figure, ev^ when th6 p&rii>^ has' Beeh ^aU * 
lowed to write down the fum to be multiplied him* 
felf ;^ but in this cafe yo» muft ftipulate to Wive 
permiflion to add any one figure you choofe : yoa 
itinft obfepre what figure i* Wanting to complete 
tfce (i&fft, and fet down that figure ;: if nothing il^ 

iranf ifig, fou tHAy add o, ot qp 

* r , , 

Prob. xxi'x. A perfon having made choice of kv^^ 
numbers^ and multiplied them together ^ to tell the- 
produ^^ provided you know, only the lafi fgwri 
ofiu 



IK CHANCES. ij5 

Have ia readinefs a fmall bag with two divifions, 
and put into one of them 1 2 fquare bits of card, each: 
infcribed \^ith the number 73 ; and into the fecond 
p other pieces, infcribed with the terihs of the arith* 
ihetical progreffion,. 3,. 6, 9, i2> 15, i8> a», ^4j^ 

Prelent that aperture of the bag which contafn* 
the numbers 73, and de fire the perfon to draw out- 
one j then dexterou fly change the fide 6f,the b'ag»: 
a(nd having defired another perfon to draw any 
number from the fecond divifion, bid him multiply 
the number he has tak^n by that drawn oxtt by the- 
firft^perCon : the produft will neceffarily be one of 
the nine numbers 219, 438, 657,' 876, i'095, 1314, 
1533, *75^» ^97^- ^^^ ^^y then eafily tell the 
produA of the rhultiplication^ if you know only the: 
laft figure of it. 

It muft here he obferved that, this recreation re*^ 
quires a good memory ; as it will be neceirary to> 
know by heart the above nine produ3s: The fol- 
lowing,^ founded on the fame principle,, is^ much 
eafier.. 

Prob. XXX. Ap€rJon having ckofen twa numbers^^. 
and divided the greater by the lefs, to tell the quo^- 
tient; that is to fay ^ how many times the lefs u, 
^ contained in the^ greater^. 

Put into the firft divifionr of the bag the nine 
Bumbers 219, ^38, 657, 876, 1095, 1314, 1S33V 
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1752-, i97il and into the fecond, the cards infcrU 
bed with the nunober 73 : defire the perfoa to draw 
a number from, each dlviHon, and to divide th« one 
by the other ; then aCk him to tell you the laft figure 
of the greater of the numbers, as it wilt enable you 
to difcover which of the nine numbers of the above 
arithmetical progreiCon is the quotient : thus, if it 
he a g, the numbers is the q^uotient ; if it be an., 
8, the quotient is the number 6 ; and fo on : for 
the quotients 3, &, 9, i», 15, 18, 21, 24>and27^ 
will be in the ratio of the figures 1, 2^ 3, 4, 5, 6\ 
7, 8 and 9., with which the greater number mult 
Mcceffarily terminate^ 
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OINCE politicians have acquired jufter ideas re- 
^ fpcQing what conftitutes the real ftrength of 
dates, various refearches have been made in regard 
to the number of the inhabitants in different coun- 
tries, in order to afcertain their population. Be-^ 
iides, as almoft all governments have been under 
the neceffity of making' loans, for the moft part on 
annuities, they have naturally been induced to ex* 
amine according to what progreflion mankind die, 
that the intereft of thefe, loans may be proportioned 
to the probability of the annuities becoming extin£l.. 
Thefe calculations have been diftingiiiflied By the 
jisune of political arithmetic ; and,, as it exhibits fe« 
veral curious fa£ls, whether confidered in a poli- 
tical or philofophical point of view, we have thought, 
it our duty to give it a plaoe hure, to ^aadCt and 
iskOxuEt our readers^ 
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^ I. Of the proportion between the males and tht 

females. 

Many people imagine that the number of the fe* 
males born exceeds that of the males ; but it has 
long fmce been proved that the contrary is the cafe. 
More boys than girls are born every year ; and 
fince the year 1631, a fmall interval excepted, we 
have a regifter of births in regard to fejc, and it has 
never been obferved that the number of the females 
born ever even equalled that of the males. It is 
found, by taking' a mean or average term in a great 
number of years, that the Bumber of the males born 
is to that of the females, as 18 to 17. This pro- 
pbrtion is nearly that which prevails throughout alt 
France; but, to whatever reafon owing, it feems 
at Paris to be as 27 to ss6. 

This kind of phenomenon ij obferved not only 
in Englafkd and France; but in every other coun-» 
try. We may be convinced of the truth of it by 
infpefling the calendars,, which, at the commence, 
nhenit of every year, give a table of the births thai 
have taken place in moft of the capital cities of Eu-. 
rope ; it will there be feeu, that the number of the 
males bbrn always exceeds that of the females ; anft* 
confequently it may be conUdered as a general law 
of Miatafe. 

i Wedfay here obferve a ftriking inftance of the 
i^riidom of Provideacei, which has thus providel 
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for the prefervation of the human race. Men, in 
confequence of the aftive life for which they are 
naturally deftined by their ftrength and their cou- 
rage, are expofed to more dangers than the female 
fex; war, long fea voyages, occupations laborious 
or prejudicial to health, and diffipation, carry ofiF 
gjreat numbers of the males ; and it thence rcfults, 
that if the number born of the latter did not exceed 
that of the females, the males would rapidly de* 
creafCj , and foon become extinft. 

$ II. Of the mortality of ike human race^ accord-^. 

ing to the different ages* 

In tins refpeft there is apparently a confiderablc 
difference between large towns and the Country; 
but this arifes from the women iri toWns rarely 
Xuckling their own children ; and confequently the 
greater part of their child|sen "being put out to nurfe 
in the country, a& it is in the period of childhood 
that the greateft mortality prevails, it is moft appa- 
rent in the country. To make an exaft calcula^ 
tion, it ought to be founded on the deaths which 
happen in the towns, as well as in the country ; and 
this M. Dupre de St. Maur endeavoured to do, by 
comparing the regifters of three parithes in Paris, 
and twelve in the country. 

According to the obfervations of this author, in 
23994 deaths, 6454 of them were thofe of children 
not a year old. After carrying his refearches oxk 
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this fubjeft as far as poflible, he concludes that, of i 
04000 children born, vthe numbers who attain to dif- ' 
ferent ages, are as follow : 

Ages. Number. 

2 years .1 7340 

3 15162 

4 14177 

5 J3477 

6 12968. 

7 12562 

8 ..12255 

0.. 12015 

10 ,11861 

15.. 11405 

20 .109091 

25.. .* .10259 

30.. . ...9344 

35 ...8770 

40... .*. ..,7929^ 

45 ...70O8 

50 6197 

55 / ..5375 

60 4564 

65 ..*.•* 3450 

70 .2544 

•75 .150r 

80... 807 

85,,.,,» ,291 






1 
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Ages. Number. 

90 ^ 103 

91 .71 

92..^ ...63 

93:1 47 

94..'. * '. ...40 

95 33 

96 23 

97 18 

98 .\ 16 

99., 8 

100 %..6 or 7. 

Such then is the condition of the human fpecies, 
that, of 24000 children born, fcarcely one half oi 
them attain to the age of 9 ; and that two thirds are 
in their grave before the age of 40. About a fixth 
only remain at the expiration of 62 years ; a tenth 
after 70 years ; a hundredth part after 86 ;. about 
a thoufandth part attain to the age of 96 ; and fix uwr 
feven individuals to that of 190. 

By means of this table we may afcertain, pretty 
nearly, what probability there is of a new-born chiM 
attaining to a certain age ; for this probability mufl: 
be to the contrary probability, as the number of thofe 
who attain to that age is to the number of thofe who 
die before it. 

For example, as 4564 ftands oppofite to .60, it 
indicates that as, of 24000 children bom, there re* 
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main no more than the above number of indivicluals 
at the end of 60 years, 19436 tnuft have died ; the 
probability therefore of a child attaining to the age 
of 60, is to the probability of its not attaining to it, 
as 4564 is to 19436. In this cafe, the proportion 
of thofe living to thofe dead, is nearly as 1 to 4 ; 
from which we may conclude, that the chance Is 4 
to 1 that a new-born child will not attain to the age 
of 60. 

If the probability of a perfon, of any determinate 
age, living to another age, be required, for exam« 
pie, that of a child of eight years "of age attaining 
to the age of 60 ; we muft compare the number of 
thofe who attain to the age of 60, with that of thofe 
who attain to the age of 8 ; and the difference 7691 
Vrill give the number of thofjB who die between 
thefe two periods. We ftall then have this ana- 
tegy : as 4564 is to 7691, fo is the probability, that 
ft child of 8 years will attain to the age of 60, to 
llie probability of its not attaining to it. If 7691 
be divided by 4564, it will be found that the forv 
Uier* Contain* the latter nearly twice ; said we may 
therefore fay, that the chance is almoft 2 to j , that 
« cUM of 8 years of age will not liveio4faat of 6b« 

f 

5 illi Of the nwmhtr of men of different ages in 

a given number. 

It may be deduced from the preceding obferva- 
tions, that, when th6 inhabitimts of a country a* 
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inbunt tot a n^iUion, the number of jthofe of the di£. 
ferent ages will be as follows : 

Between O s^id 1 year complete 38740 

. I1946O 

. 99230 , 

. 94530 

. 8^673 
. 82380 

. 77^50 

. 71^65 

. 64205 

• 57230 

• 50605 
. 43940 
. 37110 
. 28690 
. 21305 
. 13195 

• 7065 
2880 
lffi5 

335 
82. 
3 or 4^ 

Thus, in a country peopled with a ttiiHion of in- 
habitants, there are about 536350 between the age 
of 15 and 60; and as nearly one half of them are 
men, confequently this number of inhabitants could, 
on an emergency, furnifli 250 thoufand men capable 
ti loearing armS| even if an allowance be made-fdr 
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« 

the fick, lame* &c. who may be fuppof^d to be 
among that number. . 

§ IV. Of the proportion of the iirihs and deaths to 
the whole number of the inhabitants of a country-^ 
The conftquences thence deduced. 

As it would be difficult to number the inhabitants 
of a country, and much more fo to repeat the enu- 
meration as often as it might be necelTary to afcer- 
tain the population, means have been devifed for- 
accomplifliing the fame objeft, by determining the 
proportion which the- births and deaths bear to the 
whole number" of the inhabitants ; for, as regifters 
of births and deaths are regularly kept in all the 
civilized countries of Europe, we may judge, by 
compa/ing them, whether the population has in- 
creafed or decreafed : and, in the, latter cafe, can 
examine the ci^ufes which have produced the dimi- 
nution. 

"X. 

The proportion of the births to the whole popu- 
lation in three generalities of France, which differ 
from each other as much by the nature as the form 
oJF the foil, give the mean ratio of i to 25^ , with- 
ciut including the large towns ; fo that in this 
country we may reckon 51 inhabitants for two 
births. - 

But as, in towns of any magnitude, there are 
feveral claiTes of citizens who fpend their lives in 
celibacy, and who contribute either nothing or very 
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little to the population, it is evident that the pro« 
portion between the births and the effe£live inha- 
bitants, muft be more confiderable. It has been 
^fcertained by various cdmparifons that the propor-' 
lion, nearellthe truth, is that pf 1 to 28; and it is 
this ratio whicH ought to be employed, in order to 
deduce from the births, in a large city, the number 
<>f the inhabitants. ^ 

But there is reafon to believe that, in regard to 
cities of the firft clafs, or capitals, fuch as London, 
Paris» Amfterdam, &c. which are frequented hy 
multitudes of ftranjers, inyited thither either by 
pleafure or bufinefs, and where great luxur}' pre- 
vails, which increafes the number of thofe who 
live in voluntary celibacy, the above proportion 
muft be raifed, and carried at leaft to that of t to 
30 or 3 1. ' 

» 

^ ^» Offomt othtr proportions t in regard to tKt 

inhabitants of a country. 

We may deduce, by approximation, from the 
obfcrvations of various authors in England, France, 
Holland, and Germany : 

ift. That the number of the inhabitants of ft 
country, is to that of the families, as 1000 to 2£2f ; 
fo that 2000 inhabitants give, in general, 44^ i^« 
milies. 

H 
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2d. That the number of the male children, ex- 
ceeds that of the female ; and that this excefs coij- 
tinues for more than 14 years, according, to the 
proportion of nearly 30 to 29. After 14 years 
however, the number of the females exceeds that 

* * • 

of the males, in the proportion of about 19 to 1^ 
on account of the coniiderable decreafe of the males 
by war, navigation, laborious occupations, and in- 
temperance.* 

3d. That the number of the marriages, is annu- 
ally to that of the inhabitants,, as 1 to 11 2, 

4th. That the proportion of married men or wi- 
dowers, to the number of wives or widows, is 
nearly as 1425 to 140; and the whole number of 
tbisclafs, is to the whole of the inhabitants, as g^- 
to 126. , ^ 

* 5th. That the number of widowers is tp that^ of 
widows, nearly as 1 to 3. This at leaft is the pro- 
portion deduced, from the enumeration of ^he peo- 
ple made in Holland and iii England. And h 
ought not to Appear aftonifhing, if jc be confidered 
that moft men marry at a later period of life than 
the women, and that their laborious* occupations, 
the maritime and land wars in whicjh they are en- 
^gaged, and .the diverfity of the climates which they 
frequent for the fake of commerce, muft increale 
the number of the widows in the bills of mortality, 

6th. That, admitting tha abov^ proportion of 
widowers isA^^x^oyft^ it follows that, apiong 6ji 
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inhabitants there are 118 married coaples ; from 7 
io 3 widowers; from sn to 22 widows; and the 
reft are compofed of qhildren, perfons in a itate of 
celibacy, domefticsj and paflei^ers : 

7th. That 187P married couplies produce annual* ^ 
ly 357 children ; for a town having 10000 inhabitants 
^oul4 contain that number of married couples, and 
give annually 3^7 births; fit)m which it is concluded^ 
that 5 married couples, of all ages, give annually, one 
with another, one birth* 

^8th. That the number of fervants is to the whol^ 
number of inhabitants, nearly as^ 13610 1535 ; w1II|h 
is a little more than the eleventh part. The.iunm- 
ber of male domeftics is nearly equal to that of the 
female ; being in the proportion of 6j to 69 ; but 
it . is probable that, in large cities, where great 
luxury prevails, the proportion mull be difterent. 

The above obfervations will enable us to folve the 
following problem, and may ferve to facilitate the 
folution of others relating to the fanje fubjefl. 

Prob, I. The age of a man being given^ fuppoji 
that of y> years ^ what probability is there that his 
. zoill be living at the end of a determinate number of 
years^ for example x^f 

To refolve this problem, feek in the table of the 
fecond fedion for the given age of the perTon, viz* 
^o, and obferve the number oppnfite to it> which if 

H « 
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9544 ; then find in the fame t^hle the uumber op- 
pofite to 45 ; which is 7008, and make the latter 
number the numerator of a fra^ion, having for its 
denominator the former number. This fraftion 

► -Jfrr ^H cxprefs the probability of a pcrfori of 39 

. attaining to the age of 45. 

The demonftration of this rule will be evident to 
tliofe who underftand the theory of probabilities. 

pROB« II. A young man, aged 20, borrows loooA 

* fo be paid with the intereft when he attains to the 

^g^ ^f^5 : but in cafe he dies before that period^ 

the debt to be cancelled: what/urn ought the lender 

to receive at the propofed term of payment ? 

It is here evident, that if it were certain that the 
young man would live to complete his iwenty-fifth 
year, the fum to be paid would be the capital increaf- 
ed with 5 years intereft, which we Oiall fuppofe to be 
at the rate of 5 per cent, or 1850/. But on account of 
the rifle which the lender runs, by the chance of the 
borrower dying before the time of payment, the fum 
ought to be increafed in the inverfe ratio of the pro- 
bability of his being alive. But this probability is 
exprefled by the fra£lion fH^T ; a^ therefore the 
above fum muft be multiplied by this frafiion in<i> 
verted, or by t^tti which will give nearly 13&9/. 
that is fay, about 79 more for the ri& of lofing 
the money, which certainly caimot be accounted 
ufurious. 
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Prob. III. AJlatt^ or an individual^ having oc^^ 
cqfion to borrow a fum of money on an annuity i 
what inierefl ought to be given for the different 
dges^ the legal interefi being 5 per cent? 

The vulgar, who are accuftomed to burthenfome 
loans, entertain no doubt that an annuity, at the rate 
10 per cent, for the age of 50, is a good bargain; 
and that this method of borrowing is advantageous to 
the Jlate ; but they are egregioufly miftaken, for it 
appears by the tables of Pariceux, calculated from 
the foregoing data, that 10 per cent, ought not to be 
given before the age of 56 ; according to the fame 
tabIe«iio more than 6\ per cent, ought to be given 
for the age of 20 ; 6| for the age of 25 ; 6|- for that 
of 30; 7^iox ^oi %\ for 50; laat 56; iixirat 
60 ; i6|- at 70 ; 27^ at 80; and 39rff at 85. 

It is therefore a great miilake to imagine that, on 
account of the great number of perfons who fink 
money in thefe loans, on annuities, made by govern- 
ments, the latter are foon freed from paying a part of 
the annuities by the death of a part of the ao- 
nuitants. The flow increafe of annuities in ton- 
tines is a fufficient proof of the falfity of this idea ; 
befides, the greatnefs of the number of the perfons 
is precifely the caufe, why the extlnSion of the an- 
nuities takes place more in conformity to the laws of 
probd>ility already explained. A lucky chance, at 

H 3 
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the end of a few years, may free a perfoi^ from the 

• « 

payment of an annuity, eftabliflied on the fife of a 
man 30 years of age ; but if this annuity were ihared 
out on 300 diiFerent lives, the ages being nearly the 
fame, it is^ certain that he would not be liberated 
from it before nearly 65 years ; and after ^2 or 33, 
nearly one half of the annuitants would be living. 
This Pariceux has clearly fecwn by examining the 
lifts of the tontines. ^ 
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MAGIC SQUARES. 



A Magic fquare is a feries of figures arranged in 
the cells of a fquare, in fuch a manner, that 
the figures in each band, whether vertical » hori- 
zontal or diagonal, form exaftly the fame fum. They 
are divided into two kinds : odd and even. 

Thefe fquares have been called magic, becaufe the 
ancients afcribed to them great virtues, and becaufe 
this arrangement of numbers formed the bafis and 
principle of feveral of their talifmans. 

One fquare, containing unity, was according to 
them the fymbol of the Deity, on account of his 
unity and immutability ; for they obferved that this 
fquare, by its nature, was fingle and immutable; 
the produft of unity by itfelf being always unity. 

A fquare containing four divifions or cells, was 
the fymbol of imperfeft matter, on account of the^ 
impoffibility of arranging figures in it fo as to form, a 
xnagic fquare^ i> 

H 4 
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The^fquare with 9 divifions, was copfecrated to 
Saturn ; that with 16 to Jupiter ; that with 25 to 
Mars ; that with 36 to the Sun ; that with 49 to 
Venus; that with 64 to Mercury j and that with 
81, to the Moon. ' 

-Thpfe who can find any relation between the ar- 
rangement of numbers and the planets, muft be in- 
deed not a little vifionary ; but fuch was the fpirit 
. of the myfterious philofophy of lamblichus and 
Porphyry, and of all their difciples, who were flaves 
tQ the moft llupid fuperllition, and to all the ahfur- 
dities of judicial aftrology^ 

We {hall here confine ourfelves to the mechanical 
method of forming a magical fquare, either cvca 
or odd. 

Method of conJtruBing an oddjquart. 

ift. Place unity below the middle cell. 

ad. Place the following numbers in the celU 
which defcend diagonally from left to eight. 

3d.. When you come to the lail diagonal cell^ 
ga up ta the highefl cell, of the next following 
band.. 

4th. Whea the diagonal cell is filled up, cany 
the next figure to the moft diftant cell on the left of 
the lower band^ 

jth.. In following the diagonal, if you meet with 
a cell already filled up, pafs over that cell, and 
place the figiicq In the diagpnal from right to left^ 
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See the folbwing figures, one #£ which reprefenu » 
fquare of 9 divifions, and the other one of 25. 
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Method of eon/iru3ing^ an evenjfuare*^ 

We ihall apply this method to a fquare of i6> 
cells, which is filled up in the fbllowiRg manner : 

tft. Place 1 in the cell A (fig. M.) of the verticaj 
band on the lieft ; then pais the two next, and place 
4 in the u^per cell of the perpendicular band, on thor 
Tfght, 

2d. Oknit 5, and place 6, jr$ s^d the* other figures,. 
as feen in fig. M.. 

The remaining 8^divifion$, which are left vacant, 
mull be filled up after Ae manner of fig. N^ Reckoa 
t in the cellr B^ without writing it down, and place 
2 and 3 in the two next cells ; then omit 4,. and fdt 
down 5 in the firft cell of the next band ; omit 6 ^nd 
7, and write down- 8, and* fo on. If yoa then fill 



I 

mp eaclrof thefe fquares from tbe other, yoo will 
lave a fquare of 16 diviiions; See thejigureu^ 

A geometrical Jquare^ 
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To arrange in a fquare, conJJKng ofg ceth, theg terms 
of a geomUric&l progreffoni infuch amanner^ thai 
the produSarifing from the continued multiplica^ 
tion of the ntmiers in each band [hail he, always^ 
thfi fame, and equal to the cube of the midfiU 
term* 
Let the terms of the progreflSon be 1 : 2 r 4 : 8 t 

%6 : 32 164 : iaS : 256, If yda arrange thefe 9^ 

terms in a fquare of 9 cells, in the ip anner as you did 

the 9 terins of 4he. arithmfetical 

progrfeffioa .of the. natuiral mm* 

bers, 1, 2, 3, &Ci you will find 
^ that theprodua.of them»in.every 

direftion, : amioUnts to 4096; 

.which is exaaiy .the cube of the 

middle term 16, as m^ be feen in the annexed 

figure* 
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Tq make the knight pafs over all ikefquares of the 
chefs boards arte after the others without p^^Jfng 
twice over the fame. 

As the reader may perhaps be utiacquaiated with 
the movement of the knight in- the game of chefs, 
we fliall here defcribe 
it* If the Jcnight be 
placed in the fquare A, 
he cannot be moved in- 
to any of the fqaares im- 
mediately around him, 
as thole" marked 1, 2, 

3» 4» 5» fi« :^/8; nor 

into the fqi^ares 9, lo, _ 

11, 12,' which arc di- Fig.B^ 

teStly above o<* below, or on one fide ; nor into the. 

fquares 13=, ii^, 15, 16, which are in the diagonals^ 

t»at ohly jrlto one of thofe which, in the figure, art 

leftvacahti See Jig •'R. 

Scfveral' celebrated riien who amufed^ themfelveb 
with this problem, have given folutions of it ; but 
the following is the fimpleft of them all, an4 ^ 
eaiieft to Jie remembered. 
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The method:, confiifts in filling; up, ay much as: 
poflible, the exterior; bands which foriQ as it were lak 
border, without entecivg the third until there are no > 
other means of pafling from the fquaie at which you 
have arrivedtooneof thetwofirft»; arule.to^which 
the knight is neceilkril}^ fubjeSed, in. the moftevi^i 
dent manner, from his firft flep to the 50th. Whetf 
he arrives at the.jpth,. there is no other choice tfaan^ 
51 or 63; hut the. 51ft fquare,. being nearer the 
jborder,. ought to be preferred*^ and thenihis^progrefs 
muft neceffarily be through 52, 58» 54. 55*. 5^, 57jt 
58, 59, 6oi 61. When he arrives at the laft; it is ' 
a matter of indifference whether he be mad|^ to pals. 
throught the three remaining fquares, by direfting. 
hi3 progrefs upwards or downwards ;: for in either 
^afe he will arrive at tliQ laft. 
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APPLICATION or ANALYSIS 



VO THS 



SOLUTION OF VARIOUS PROBLEMS* 



AS the ohjeEt of this work is to unite inffruc* 
tion with Imiufement, we (hall confine our« 
felves. to fuch problems as are fufficientfy eafy to be- 
folved by the application of thoifa rules which wo 
have explained i« the intiodufiion.. (14} 

PnaB. X . A lady hmenting thai 4itr dge was triple^ 
that of her daughter ;^ the latter confoledher by ob^ 
ferving that in ig years it would be only doubles 
^ what was the age of each f 

Put Of to denote the ij years,, and let x reprefent 
the age of the daughter ;, thep by the conditions of the 
prob^nii, the ages ofjtbe daughter ^mother,.whicb 
at prefent ace ;v and 3 Xy at the endof 1^ y^ai9 will 
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he X'ha and $x + a; but as the age of the 
mother will then be double that of the d^iughter^ 
wc muft multiply the age of the latter by 2, to have 
the following equation : 

, 2JP-h2a = 3Jf4-a. (14) 
Then by tranfpofition 2 a — * a z^ ^X'-^2 *, (15) 
And then by reduftion a = x. 

Confequ^ntly, the age of the daughter is 15, and 
that of the mother 45 ; which will anfwer all the 
conditions of theproblem^ 

Prob» ii» AfatJur^ on Ais death-hed^ gave orders 
in his xvillf that if his zvife^ wlio was iken pregnanty 
brought forth a fon^ he Jkould inherit ^ of his pro- 
ftrty^ and the mother the remainder; hut if Jhe 
brought forih a daughter ^ the Matter Jhould have , 
0nly -y, and the mother |. As the vndow however 
was delivered of itoins^ a boy and a girl^ what 

Jhare ought each to have of the property left by the 

father f 

The only diffi#ulty in ^this problem is. to deter- 
inine what would bave^bcen the; will of the teftator,, 
liad he forefeto that his wife; would be delivered of 
twins. It has generally beeti , explained in the fol- 
lowing manner : As th^ teilator defired that in cafe 
his wife brought forth a Ibrt, he fliouid have two 
thirds of his pro'pehy, and the' mother one third, it 
hence follows that his intention was to give his fqn* 
'd'tum double to that ^f the mother; and as be de» 
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iire3, ill the otker eafe, that if the brought forth a 
daughter » the mother flibuld have two thirds of 
his property, and the daughter one third, there it 
reafon to conclude that he intended the (bare of the 
mother to be double that of the daughter. Confer 
-qUcntly, to unite thefe two conditions, the heritagb 
xnuft be divided in fuch a manner, - that the fon may 
have twice as much as the mother» and the mother 
"twice as much as the daughter* 
V If a, therefore, be fuppbfcd to reprefcnt tho 
father's property, and x the ihare of the daughter^ 
thejnftx will expreft that of the mother, and ^xthat 
of the fon. But, as atl thefe (hares together are 
equal to the father's property, we Ihall have the* 
following equation : 

;c + 2;r + 4* = ^ 
By redjuftion yx zrz^a 

And by divifion .;v = -. (16) 

Hence, if we fuppofe the whofe property to Be 
goooo/. the daughter's fhaVe will be 4285I/. ; that 
pf the mother 8571^, and that of the fon 17142!^. 

Sometimes the following difficulty is propofed ii* 
regard to this problem* In cafe the mother fhouM 
be brought to bed of two fons, and a daughter, in 
what manner muft the |)roperty be divided. 

In our opinion, bo pther.anfw^? can» be given, 
jtl^att lyha^t would be givca by the gentleman of^thc 
a^^wn, cviz. (tliat ixk^h cf fc the. wUl w^uld be void^ 
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for ai no provifion was made in it for a thlr4 chtld^ 
itt nMky would be eftabliflied according to all the 
Jaws hitherto in exiftence. Becaufe ift. The law 
is precife. sd. Becaufe it is impoi&ble to determine 
what would have been the difpofitions of the teftatpr. 
if two fons had been born tp him, or if he had fore* 
£een that his wife woiild be delivered of two.. 

f AOB. iii» A captain Being q/k^d h^m manyfoL 
dierj he had in his company ^ replied: one half of 
them are in camp^ one third in the trenches^ one 
eighth in the hoJpitaU and Jour in prifon. Of 
kozo many men did his company confifi 9 

If tlie number of foldiers be exprefled bjr ;r, and 
the four in prilbn by a, we ihall have the following 
equation, r 

Then by mult. ^4* -fc- itx + Sx-^ 4&1 = ^%x^ 
By redu£l. and tranfp. jj^ia = 48;^ — 46^ = 2jr«. 

Confe^uently x = ^-7-= 96- 

PROB. IV. The head ofajijh is g inches in lengtkr 
its tail is as long as the head and half the hodyy 
and the body is as long as the head and the taiL 
What is. the length of thefjk.? 

Let the head be exprefled by a, the tail by 
^ mi the body by y. By the coixditiona of dae 
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, problem Wc (hall then have^ the following two 
• equations: 



a 

y = a +• ^ -4- - 

(16) By multipli- 1 2« = aa Hh ^ 

cation j 2y =; 2a 4- 2a + y 

By tranfp. and \ ^ 

reduaion . / -^ = 4^ = 36- • 

By this refult the problem is folved ; for the head 
being fuppofed equal to 9, the body denoted by y 
=: 36, and the tail, being equal to the head and 
half the body, muft neceflarily be 27, which anfwcr* 
all the conditions of the problem* 

pROB . V. A perfon who had a leafe of a houfefoT 
99 years^ being a/ked when it would enpire^ re-» 
pUed^ that two-thirds of the time he had pojfeffei 
it were exaSly equal to four -fifths of the time un-^ 
expired. How many years of the leafe were fliU 
remaining t 

If we call the time elapfed x, and the 99 years a^ 
the time unexpired will be a — %. Therefore, by 
the conditions of the problem, 

fi* 4a — 4J P 

8 ~ 5 
By muU« to* =s isa — ^ %%» ; > j 
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and ;S?a. }"*="'» 
Confequently x =: ~ or -^ =— j^. 

Hence it appears, that as the time elapfed is 54 
years, the period of the leafe unexpired muft ne- 
ceffarily be 45 ^ and this folution agrees with the 
conditions of the problem. 

PROB. VI. // is propofed to divide the number 50 
into twofuch parts ^ that the fum of three-fourths 
of the ont^ andfvefikths of the other may be equal 

• to 40* 

Let 50 :r= 4, and 40 r=r i ; and if one of the parts 
of a be detioted by *, the othe!r muft neceflarily be 
a — X. 

By the conditions of the problem we fliall thin 
have the following equation : 

3£ JL, S^ — 5^ 3 

46 — 

JBy miilti. > o • . t. 

plication } 18^ + "^ _ 20Af = 24* 

^dSa. ] ^^^ - ^4* = 20* ~ i9x = 2x 
Bydivifion 52iZL«i*:_;,_,oa— 12^=20. 

One of the parts of 50 then is 20, and the other 
30 ; which anfwers the conditions of the problem ; 
for. 1^, the three-fourths of ao, added to »5, the 
five-fixths of 30, is juft equal to 40. 
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pK o Bi. TH* It is propq/id to Ji^i'dc 100 int^ twa 
fuch parts t that if a third of the one bt taken from 
', a fourth of the vther^ the remainder Jhal} be 11. 

Let ioo =:= «« and 1 1 = b ; alfo let one of the 
parts be expreffed by ;r, and the other by a — x. 

Then — will denote the third of the one part, and 
3 

- the fourth of the other ; and by the condi^ 



4 

tions of the problem we fliall have the following 
equation: 

By multiplt. 3a-— -3X— • 4»s=:.iaA ' 

Bydivifion SfJZiff = ;r =: 24. 

7 ' 

The two parts of 100 then are 24 and 76 ; for if 

«,^?h''^^hlk<!)fej!|/ be taken from 19, the fourth of 

7^/{he remainder %ili be 1 1 • 

Prob. VII i. Two^erfons fat doton to play; pni 
of whom had 712 guineas^ and the other only 59 i 
after a certain number of games they feparateS^ 
the former carrying with him three times asiiian^ 
guineajS as the other. How much did he mnf 
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• Let a reprefent the 7 s guineas of the fonner; il 
the j2 guineas of the latter» and x the loB of the 
fecond player. 

The money of the firft player when they give over 
play will therefore hea-^x, and that of the other 
3 ... X ; but as a + a;, by the queftion, is three 
times as great as ^ — x, we fliall have : 

a + a: = 3^ -r 3* 
By tranfp. 4X = 33 — a 

By divifion x =: 3 T^ , s:s 8i» 

4 

As it here appears that 'the lofs of the feconct 

player was 21 guineas, leaving him only 31, the firit 

muil have carried off 93 guineas, which anfwers the 

conditions of the problem. 

Prob. IX. TAc minute hand of a clock being ai 
18, and the hour, hand at 1, at what point between 
1 and £ mil they both be in confunSion f 






If X reprefent the fpace, bfetween t^e. hour^jof p 
and 2 paffed over by the hour haAd before it is over- 
taken by the minute hand, and a the interval between 
t% and 1 ; as the fpace pafTed over by. the minute 
hand will be twelve times as great as that paiTed over 
by the hour hand, a +x will be equal to t2X\ and 
we Iball have the followii^ equation : 
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X == tax 



By tranfo. 1 ^ ^^^ 

and redua. j 



a 



By divifion — =: x« 
' n 

From which we may conclude, that the minute 

hand will overtake the hour hand after the latter lias 

paiTed over' -j^ V^^ of the fpace between the hours 

of I and 2, 

Prob. X. If two bodies move towards each other 
with unequal velocities^ the ratio qf which it 
known^ as well as the dijtance' between the hodits^ 
to determine the point at which they will meet. 

Let the velocities bjs as 12 to t» and let a repre« 
fent the diftance between the bodiea* and x that part 
of it palfed over by the body having the leaft yelo^ 
city, when they me^» 

The fpace then paiTed over by the body which 
has the greateft velocity will be « — - jr, 9ad we ihall 
have the following proportion : 

IB : 1 : : a — x : ;r 
By equation lax-c^ a — ;r 

By divifion x =: — , 

The folution of this problem is general ; and con* 
fequently applicable to all cafes where the diftance 
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of the bodies and the ratio pf the velocities are 
known. 

Prob. xi/ To diwidc 90 into two farts ^ whick 
Jkall be to each other in the fame ratio as 2 to 3. 

Let 90 be reprefented by «, the leaft of the two 
parts by x^ and the other hy a- — x. We (hall then 
have the following proportion : 

2:3 : : Af ;.« — ;r 

By equation 2a — 2;r = 3^: 
By tranfp.\ - ^ 

By diviiion — ==: x rr: a6; 

Confequently tlie leaft of the numbers will be 36, 
and the other 54 ; and indeed '36 +54 ===90, and 
36 :54 :: fl : 3. 

"pROB. xir. Application of analyjis to thefolu-^ 

" tion of the 1 itft problem of Divining Arithmetic^ 

in which it is proposed t& tell the number of spots 

on all the bottom cards of several heaps ^ arranged 

sn a table. 

It is here fuppofed that a complete pack of 52 
cards is employed ; and that as many cards are j>la. 
ced over t^e firft of each heap as are neceflary to 
make the fum of the fpots and cards together to 
«aottxii;toi2« 
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Let a reprefeat 52^ tke whole nilmber of cards» 
and b that of the remaining cards. The number of 
cards in all the heaps will then be a — - ^. If the 
number of fpots to be gueffed be exprefTed by ;c/ 
and the fum of all thefe fpots and the cards' over 
them, as they ?ire knpwn, by c ; we (hall haye the 
following equation: 

X + a — p = c 

r 

By tranfp. x t= ^ + ^ — «• 
 That is to fay, if four heaps Y^hich arc equivalent 

• ' • i ♦4*'*' *".W V. 

to a be dedu£led, x will be equal to the fum of the 
remaining cards, and the number of the fpots and 
cards which^are in the other heaps. The truth Qi 
this operation may be eafily proved; * 

pROB. XIII. What number is tkat^ tke)\ ^f \4 
zuhich is equal to tf 

Let X be the requirecl oamber. 

Then.l of •3^=» ' - 
•4 

But f of' «- =s — is= *. 

* *> 

X 

Confequently - = 1, or jc =32. 
Proof I J of a are -J ; and | of 4 = 4 =? *• 

>Pkob. XIV. IViai number is that^ irf\ of which 
+ i 9/^i of ii^i^ ^§wi to xtf 



t 

1 
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Let Xt at before, be the required number. 
Then i of | of ^ are i 

2 

And f of*of;tfis5^ 

12 

But by the fuppofition ^ + ^ = 1 1 

Therefore iix = ii x 12, and x = 12. 

Proof: -I of 12 are 8, and .J of 8 are 6 ;s: |- of 
I of 12 ; -f of 12 are 10, and the half of 10 is g 
= I of 4 of 12 : But $ + 6 z=m 11. There- 
fore, &c. 

PrOb. XV. What nximher is that^ \ of ^ of which 
*^\tf iof it art equal to i^t^ 

. Firft, I of iof jris ^ 
And |ofiof#are?lj 
Then ^* -2£=?iif^4Sf _.125. 

15 O 120 120 120 

But ^ equal 1$ i>y <hc ph)bleiii. Therefore, 
120 

i^;ir= 19 X ^20; and'x ==120. 

Proof: \ of I of -rirtr/^^re 64, and | of | of 420 
18 45 ; but 64 — 45 1:= 19. Therefore, &c» 

PaoB. XVI. What number is that ^ of which yoj i 
multiplied by\ rf\ of it wiU be equal tq 6f 



1 



f of I of Ji are 

^; and 4 of 4 of ;c is *--, and ^ x ~ == — '• 
s . 12 2 12 24 

. . ' a:* 

then by the conditions of the problem, — = 6. 

24 
Therefore «' sri 144 ; and confequently x =z 12. 

Proof: -I of I of I2r are 6 ; and f of 7 of 1 J2 is 1 ; 

but 6x1 =6. Therefore, &C, 

Frob. XVII. Jf^Aat number is ihat^ oftohich | + J 
are equal to if 

Let X be the number required. 

Then^^- ?? = !, or '^=aci 
« 4 4 

Therefore 5X c= 4 

Confequently iC sez; ^ ' -^ 

Proof: I of 4- 1=1; ^fl<^ f of irasii but f 
*4- f or ^ == 1. Therefore, &c. - . 

Prob. xyiii. Tf^hai number is thaf^ the |j |> 4nd | 
of which make t2? 

Let ;if be the required number^i. - 

Then - + - + ^ = 12 
ft 3 4 

or i2x4r"8A:4-6xir=24 X'i3i 
Therefore 26x ~ 288 

And jf = VV = iiVr- 

Pr<7^/; i of UtV is5/t; ^ of li^t is sAj 

and J of i^YT is 2|f ; but ^^r + 3tt + aif 

1 
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Prob. XIX. The triple, the half, and the fourth of 
a certain number, are equal to 104 : What is the 
number f 
Let X be the number required. We fliall then 

have, by the conditions of the problem : 

* X X 

^24 V 

Therefore 30;: = 104 x 8 = 8^ 

Confequently x = VV = 27tt» 

Froof: 27H X 3 = ^SiV 

|of27H=i3H 

} of 27x7 = ^T T 

The fum 104 

Prob. xx. If\and\ of the hull of afhip be im^ 
mersed in the sea, and only ^ftet of it above the 
surface of the water: What is, the depth of the 

vejel? 

Let xhe the depth of the vefleL 

Th€P^+-^-+-4 = * 

4 ^ 
or 18a; + 4« -+- 96 = *4* 

Therefore ax = 96 

And X «= 48 feet, the depth of the vcffel. 
Proof: i of 48 =: 36 

ioi48=J 
44 - 
, Teet above wa ter 4 - 

Prob. xxi. A banker at his death, being dejirous 
U reward lo o/kis deris, gave orders in his will. 
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ihdt 5500 guineas Jhould be divided among tkcm^ 

in fuch a manner ^ that the Jirji 5 Jhould have 

each an equal Jhare of the whole legacy : that the 

next 3 Jhould havejhared among them one-half 

cf what was bequeathed to the firji 5 ; and that 

the 2 Iqfi Jhould have divided between them 

. ene-third of that Jum : What was the Jhare of 

each p ' . 

Let X be the (hare of each of the firft five clerks^ 

and a = the ^ joo guineas. 

Then, by the conditions of the problem, the 
(hare of the firft five will be ^x\ that of the next 
three \x\ and that of the two laft \x. 

But as thefe three quantities are equal to a^ or the 
whole, we have the following equation : 

5* H- fx -4- I* 3=: a. 
By multip. and reduft. ^^x = 6a t 

By divifion x = — = 600 guineas. 

Each of the firft five then had ...,*• .6ot> \ 

* 

. Each of the next three . i 500 

And each of the two laft 500 

r 5 . X €00 = 3000 .^ 

Proof: < 3 X 500 = 1500 
L 2 X 500 = 1000 

The application which we have here- made, oT 
analyfis to the folution of a few problems, evident- 

M 

ly Ihews.that'this method, b'y it* precifion, brevity, 

I a 
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and extent, is far fuperior to vithmetk. The lat- 
ler confines our attention to deteiminate quantities, 
and, if I may ufe the expreilion, enchains it by the^ 
flowne&.of its.progrefs ; while the other, morera^ 
pid, enables us to pafs over the intermediate opera- 
tions, and to direfl our attention to the real poim of. 
difficulty. 

The chief advantages, therefore, derived from 
this fcience are, that it facilitates the difcovery and 
compreheniion of mathematical truths, and that it 
fupplies us wkh eafy methods, and general raleSi 
fior refolving all problems that may be propbfed re-* 
fpe^ing quantities. 

When we have obtained a refult by the rules of 
arithmetie, there is nothing indeed that exhibits to 
the mind the chain of operations which condufled 
to it« When, after a few arithmetical operatioiis^ 
we have obtained 12 for refultj we fee nothing in isi 
which can indicate whether this number has arifen 
IrcMn the multiplication of 3 by 4, of d by 6, or by 
the liddition of 5 to 7, or of 2t to 10 ; or, in general, 
firom the combination of any other operation$« 
Arithmetic gives rules for findmg certain refults \ 
but thefe refults of themfelves can fiirnifti no rules* 
Algebra, however, or that mode of calculation which 
employs indeterminate chara&ers^ preferves, as we 
may fay, the traces of all the intermediate opera- 
tioos» which condud to the la0 refuU. 
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PAUNGENESY. 
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PALINGENESY is a chemical operation, by 
means of which a pknt or an animal, as fooie 
pretends can be revived from^its aihes. This, if 
true^ would no doubt be one of the noblell fecrets 
of chemiftry and philofophy. If fomc authors are 
to be believed, feveral learned men of the 17th cen* 
tury were in poffeffion of it ; but at prefent as this 
pretended (ecret, in confequence of the great pro- 
grefs'made in chemiftry, is confidered as a mere chi- 
mera, we fttall here confine purfelves to examining 
the foundation of thofe principles, which have in« 
ducecT foine refpefiable authors, fuch as the Abb6 
Vallemont, and others, to believe in the poHibility 
of this procefs* 

According ta the good Abbe, nothing is fimpler 
and eafier to be explained. We are indeed told^ 
feys he, by Father Kircher, jthat the feminal virtue 
of each mixture, is contained in its falts ; and thefe 
falts, unalterable by their nature, when put in mo> 
Uoa by heat,, rife in the veSel through the liq;uor 
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* .in which they are dfffufed. Being then at liberty 
to arrange themfelves at plcafure, they refume their 
primitive difpofition, and place themfelves in th« 
order in which they would be placed by the effeft of 
vegetation, or the fame as they occupied before the 
body to which they belonged had been decompofed 
by the fire : in a word, they form a plant, or the 
phantom of a plant, which has a peifeft refemblancc 
to the one deftroyed. 

Tliis reafoning is worthy of an author who -could 
believe, that he who robs another of his money, 
can exhale corpufcules different from thofe exhaled 
by a man who carries his own, and thereby make 
the divining, rod turn towards the places where he 
has pajOTed, or remained fome time. Does it not 
flicw great weaknefs to believe, that the mere im- 
morality of an a£lion can produce phyfical effe£ls ? 
It would indeed be offering an infult to our rea- 
ders, to attempt to fhew the folly and abfurdity of 
the above reafoning oT the good Abbe, and of Fa- 
ther Kircher. Let us therefore only examine the 
fafts which he relates. 

An Englifli chemift, named Coxe, afferts^ that 
having extrafted and diffolved the elTcntial falts of 
fern, and then filtered the Hquor, he obferved, after 
leaving it at reft for five or fix weeks, a vegcta- 
tion of fmall ferns, adhering to the bottom of the 
veffcl. 

The fame chemift having mixed northern pot-aih 
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With an equal quantity of fal ammoniac, faw, fome 
time after, a fmall foreft of pines and other trees, 
with which he was not acquainted, riling from the 
bottom of the veffel. 1 

The following faft the author thinks conclufive. 
The celebrated Boyle, though not very favourable 
to palingenefy, relates, that having diffolved in 
water fome verdegris ; which, as is well known, is 
produced by combining copper with the acid of vi- 
negar, and having caufed- this water to congeal "By 
means of artificial cold, he obferved at the furface 
of the ice fmall figures, which had an exa£l refem« 
blance to vines. 

Notwithftanding thefe fafts, and feveral others 
mentioned by the Abbe Vallemont, if the partifans 
of palingenefy can produce none more conclufive, 
it muft be confefled that they fupport their preten- 
fions by very weak proofs. Every true chemift fees 
in thefe phenomena, nothing but a fimple ramified 
cry fiallization,. which may be produced by means 
of different well-known compofitions : the moft 
beautiful of thefe cryitallizations, called improperly 
vegetations^ are produced by the combination of bo* 
dies from the*animal kingdom. 

The laft experiment related by Boyle might oc. 
caficn more embarraflTment ; but as it is the only 
one, of a great many, made with the effential falts 
of a variety of plants,, that fucceeded, there can be 

14 
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HO doubt that the figures he&w were the mere tSkA 
of chance;, for how many other philofophers, wbo^ 
made the fame attempt, faw nothing but what is 
ufually exhibited by the furface of frozen water, 
which fometimes forms ramificaiions exceedingly 
complex ? 

The partifans of palingenefy quote, however, 
other authorities, to which they attach great impor« 
tance* We are told by Sir Kenelm Digby, on the. 
report of Querceran, phyfician to Henry IV. of 
^ France, that a Pole fliewed twelve glafs veffels, her- 
metically fealed, each containing the falts of difie* 
rent plants ; that at firft thefe falts bad the appear- 
ance of aflies, but that when expofed to a gentle and 
moderate heat, the figure of the plant, fuch as a rofe 
for example, if the veffel contained the alhes of a 
rofe, was obferved gradually to rife up, and that 
as the veffel cooled the whol^ difappeared. Sir 
Kenelm adds, that Father Kircher had affured him,, 
he bad performed the fame experiment, and that he 
communicated to him the fecret ; but it had never 
fucceeded. The dory of this Pole Is related by va-^ 
rious other authors, fuch as Guide la Broife, in bis 
book on the Nature of Plants. 

In the laft place, we are told by Kircher himfelf« 
in his Jrs Magnetica, that he had a long«necked 
phial hermetically fealed, containing the alhes of a 
plant, which he could revive when he thought pro- 
per, by jneans of heat» and tbat he Ihewed this 
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wonderful j^henomenon to Chriftina qtieen of Swe«^ 
.den, who was hi^Iy delighted with it; but that» 
Iiaving left this valuable curiofity one cold day in 
his window, it was entirely deftroyed' by the froft. 
Father Schoa alfo aiEbrts^ tibat he faw this chemical 
wonder, which accordingtohaiii was a rofe revived 
from its aQies ; and he adds^ that ar certain prince 
having requefted Kircher to* make him one of the 
£ime kind, he chofe rather t» grve up hts^ ewa;- than? 
fo repeat the operalion^ 

The procefsy indeedr at taught by Rircher, is fo 
complex and tedious, that it would require no fmalf 
patience, to follow it. Father Schott relates it at 
fdl length, in hts work intituled jtocoferim Naturm 
€t Arhs: and he callrit the imperial fecret, becaufe 
the emperor Ferdinand purchafed it from a chemifty 
and gave it to Kircher- This , emperor was ex* 
ceedingly fortunate , for it was to him< that the phi- 
tofopher who had the (ecret of the philofopher'^ 
Hone addrefled himfeif ;; and gave a proof of his art. 
by tranfmuting, aa is faid, in his . prefencCr fhie^ 
pounds of mei^cury into two pounds' and a half of 
gold* » , 

We muQ, however, be fatisfied with pointing ou| 
the places where the curious may find thiy fingular 
procefs ; for, befides (he length of the defcrtptiouy. 
nothing feems le& calculated to fuccced. Digby, 
therefore, and many others, who followed i\i$ mc<^ 

I 5 



V 



thod, did not fiicceed ; and there is reafon to hc^ 
lieve, that (heir ^al for palingenefy would induce 
tbem to omit nothing that was. likely to infure a £iu 
vouraMe refulfc. ' . 

Dobrezenflcy of Negropont has alfo given a pro-- 
cefs for the reftiweftion of plants, which feems to 
have been attended' with no better faccefs* We-are 
at leaft t<itd by Father Sdiott, that the attempts of 
Father* Conrad, proved* incfifeftual ;- and he there-v 
fore fuppofes that Dobrezenfky. did not reveal alb 
the circumilance^s of the procefs, but kept the moft. 
important to himfelf. 

* What then can be faid'in oppofition to all thefe 
authorities ? — We {hall only obfervc, that thpiPolifh 
phyfician. was a quack ; and (ball defcribe a n)e« 
riiod of producing a false palingenefy, which if per-^ 
formed with art, and in a proper place, may impofo 
on credulous perfoh«. To^be convinced that Do-^ 
brezenfty of; Negropont was a mere impoftor, wa- 
need only read the Tec/mica Curio/a^ or the Jocjo^ 
ftfia N&tura et ArtiS' of Father Schott ; for he had 
the impudence* to pretend that he could.' puU oul^ 
the eye of any animal, and in the Courfe of a. fe\« 
houre reftore it by rteans of a liquor which he no. 
lioubt foM as a- remedy for fore eyes. He even 
made, trial of it on a. cock; A perfon^ who could 
aflert fuch an impudent falfehood in regard to on^^ 
fafT, would do the fame insegard to smother. 

The authority* of F^^her Schott will certainly be 



IN PALING£NESY. .I79 

^vtTj little weight with thofe who have read Vat 
works. 

In regard to Kircher, however celebrated he may 
have been in the arts and fclences, we Ihall' not he- 
fitate to reje6l his teilimony ; for he was a man of a 
vivid imagination, paffionately fond of every thing 
(ingular and extraordinary, and who had a ftrong: 
propenfity to believe in the marvellous. What can 
be expefted frx)m a man of fuch a charafter ! He 
often thinks he fees what he does not fee; and he 
does not deceive others, becaufe he is iirfi deceived' 
himfelf.. 

Some go ftill farther, and aflert that an animal 
.may be revived from its afhes. Father Schott, in: 
his Phyjica Curiofa^ even gives the figure of a fpar- 
row thus revived in a bottle. CafiFarel, in his Un^ 
heard of Curiofities^ believes in this fa3, and con^ 
fiders it as a proof of the poffibility of the general 
i«furre£lion. of bodies. This pretended rewval 
howeyer is a. chimera, flill more ridiculous than 
the former; and which at prefent it would be 
ridiculous to attempt ferioufly to refute. 

In a word, what reafonable man can with Kircher 
believe, that if the afhes of a plant be fcattered on 
the ground, plants of the like kind will fprihg up 
from them, as he fays he frequently experienced ? 
Who can admit as truth, that if crabs be burnt and: 
then diftilled, according to a procefs given by Dig- 
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by, there will be produced in the liquor fmall crabs 
of the fize of a grain of miHet, which muft be nou- 
riflied with ox's blood, and then left to thetnfelves 
in fome Aream ? Yet we are toldi by the Englifli 
knight, that this he himfelf experienced. It is 
therefore impoflible to clear hirh from the charge of 
impo&ure, unlefs we fuppofe that, by fome means 
or other he was led into an error. However this 
may be, it is certain that Digby, with great zeaf, 
and a confiderable (hare of knowledge, had a jtrong 
propenHty to^all the vifions of the occult and ca- 
balillic fciences. 



v. 



An itlufory kind of Palingene/y^ 

By the following deception, credulous people 
may be eafily impofed upon, and induced to believe 
in the reality of Palingenefy. 

Provide a double glafs jar of a moderate (iztr 
that is to fay, a veficl Formed of two Jars pfaced 
one within the other, in fuch a manner, that an in* 
terval of only a line in diameter may be left between 
them. The veffcl may be Covered with an opake 
top or lidy ib difpofed, that by turning it in different 
dire6^ions, the inner jar may be raifed from, or 
. brought nearer to the bottom of the exterior one. 
In the interior jar, on a bafc reprefenting a heap of 
aihes, place the ftem of an artificial rofe. Into the 
lower part of the interval between the two jars in- 
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troduce a eert^n quantity of aflies, or fome foli^ 
fubftahce of a fimilar appearance, and let the re« 
mainder be filled \rith a compofition made of one 
part of white wax, twelve parts of hog's lard, and 
one or two of clarified linfeed oil. This oily dom^ 
pound, when cold, will entirely conceal the hifide 
of the jar ; but when brought xfear the fire, if done 
with dexterity, it will diffolve, and by (haking the 
lid, under a pretence of haftening the operation^ 
the cpmpound may be made to fall down into the 
bottom of the exterior jar» The rofe in the intc^ 
rior one will then be feen, and the credulous fpec- 
tators, who muft tkot be fuffered to approach too- 
near, will be furprifed and aftoniflied. When youi 
wifli to mate the rofe difappear, remove the jar 
from the fire, and by a new flight of hand make the 
diflblved femi-tranfparent wax flow back into the* 
interval between the jars. By accompanying thijr 
manoeuvre with proper words, the gaping, fpefkators^ 
win be more eaCly deceived ; and will retire firmly 
|)crfuaded, that they have feen one of the moft ciw 
rious phenomena that'can be exhibiied by the uni- 
ted efforts of chemiftry and philofophyr 

t^alingcnefy ; or the art of retnving tie dead^ awf 
making the image of a dcx:taftd pcrfon appear in 
glafsfar. ' 

A juggler at- Venice took a glafs jar, and haviogt 
poured water into it, told the coxppany, of whom 
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i formed' one, that he would make thft imaige oi 
9ny deceafed perfon. we might name appear in.it. 
One of the company deiired ' that he might fee his 
grandfather, and aflually beKeved that he diftin* 
guilhed his image in the jar. 

To explain the c^fe ot this phenomenon, we 
muft obferve,. that concave minors differ from plane 
ones by producing different effefts. 

The image of an objefl placed before a vertical 
plane mirror appears behind it, at a difianqe equal 
to that which is between it and the furface of the 
mirror, in the fame pbfition and. of the fame fize ;. 
but an objje£): placed before a. concave mirror, he* 
yond the focus of its concavity, appears inverted 
before the mirror,, and fmaller than it really is^ 
By a natural confequence therefore, an inverted 
obje£l,. by means of iiich a mirror^, mull appear in 
its proper pofition.. 

This being, the cafe, if an inverted objefi be 
concealed, at a proper difiance from the bottom of a 
box, furnifhed with a concave mirror, the objeft 
will appear in its natural pofition, towards a fmall 
aperture made in the box near the focusof refleftioij. * 

Now if feveralinverted figures be arranged round 
a circle, fupported in an horizontal* manner ou' a 
pivot, like* the card of a mariner's compafs, by the 
help of a" magnet or thread the circle may be turned- 
round at pleafure, fo as to prefent to the mirror any 
of the figures, which will of courfe appear in thelar* 
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Before tlie jequired figure . is eKhibked, fome; 
^ueftions are gtoerally. aiked the fpe£lator, refpe3« 
ing the age, the chara£ler and ph^ogpomy of the; 
perfon who is to appear; and by thefe means the 
conjaror has it in his power to produce a figure cor«. 
ref ponding with the defoription given. If the fpec« 
tator complains that the figure has no gceat refem^ 
blance.to the deceafed, :(wliich will feldom hdppeni,. 
as the power of imaginationfCfmcurs f0 deceive him); 
the conjuror tells him that he does not pretend to 
exhibit the perfon in. the (late in which, he was», 
while in perfe£l health, but pale and . disfigured^ 
fuch as he appeared afefw monients before hi* 
death. 

To prove that the jar contains a reviving power^ 
artificial flowers, placed, in an inverted order^ may^ 
be ufedinftead of the above figures.:, if on^of themi 
be burnt, and the. aflies thrown; into t^e jar, the. 
image of it- may be made to appear in. the lo^de ^. 
befoue.. ., . 



THE amianthus: . ' ' 

nPHE Amianthusi- or Afbeftos> is a kind of floner 
-*! of a greyifli colour, which may be divided 
into b^rd. coriaceous threads or filaments. Thefe 
filaments are difpofed fometimes in a paralleL orders 
fometimes in bundles, and fometimes are mixed- io 
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an irre^ar manner^ They are united togtlBer ty 
a calcareous tnattCF ; but if this matter be ioktaaA 
in water» they may be eafily feparated. 

Mofl kinds of this ftone oppofe^ fa eiFe£lua} a re^ 
fiftanee to the afibn of fire, that ft only whitens 
thenif by diiSj^atiiig thoTe foreign bodios which ob^ 
{cure thetr fpteitdour, aiid render them ' impure*- 
The fiFamfents of this mineral are fometimes to flex^ 
ible and {oh, that they may be fpun and wove. 

Puries, girdtesy garters, and other fmall articfes^ 
of fprni aixiianthusy are preferved in the cabinet» 
of the curious; and we learn from hiftory, thair 
formerly the bodied of great mei^ were burnt in clotb 
made of this fubftance, in order' to preferve their 
alhes pure and unmixed with tiv^e of tlte funefat 
ptk. Cloth of this kind, by being thm expofed ta 
the fire, beeame whiter and more beautiful, without 
experiencing any other alteration:, than a fmall de«- 
ereafe In its weight. 

The procefs employed to rendler amianthus fit fiCM^ 
being fpun, eonlifts in firfl fteeping it in warm wa^ 
ler, and rubbing it with the hands, to free it fromi 
aU foreign matters ; it mufl then be . carded,, an^! 
hnmerfed in oil, to render it pliable ;. after whiclv 
it is fpun along with coltoi* or wooK When the 
^foth is wove> it is thrown into the fire, by which' 
means the wool or other materiak employed to ren« 
der it cia^er to be fpun; are confumed^ ajid nothing 
reraauot but At amianthus% 
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This fubftance might be converted alfo intQ a 
kind of incombuftible paper, exceedingly ufeful for 
public records, or private deeds, the prefenration 
of which is often of great iniportance. Such re- 
cords , would be in no danger of being burnt ; but 
it would be neceffary to difcover fome kind of ink 
capable of lefifting the aftion of fire alfo. 

To make paper of amianthus. It muft be pound- 
ed, in order to bring it to the (late of lint or cot- 
ton, and by employing a fieve the iloney part it 
contains will pafs through, and leave nothing but 
the ami)Hithus : it muft then be formed into a pafte» 
and fubje&ed to the £atme operations as thof^ ufed 
f^r making common paper. Thii paper however 
has hitherto been attended with this inconvenience, 
that it is rather brittle ; but foxne method may per« 
haps be found to bring it to greater perfe£lion. 

A kind of paper, which burns with diiBcuhy^^ 
and which, on that account, is exceedingly ufeful 
for wrapping up valuable articles, or fuch as are* 
liable to catch fire by the leaft fpark, may be pre-^ 
pared by a very fimple procefs : nothing more being 
ileceffary, but to draw common paper two or threo 
times through a boiling folution, of one part of alutn^ 
ih three parts of water. 
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ACOUSTICS AND MUSIC. 



rr^HE ancients feem to have confidered founds 
•*• under no other point of view than that of 
mufic ; that is to fay, as affe£ting the ear in an a- 
greeable manner : it is even very doubtful whetheir 
they were acquainted with any thifig more than 
melody, and whether they had any art fimilar to 
that which we call compofition. The modems, 
however, by attending to the philofophy of founds, 
have made many difcoveries in this department, fo> 
much neglefted by the ancients ; axud bence hjis a- 
rifen a new fcience, dillinguiflied by the name of 
acouftics.. Acouftics have for their objeft the na- 
ture of founds confidered, in general, both in a 
mathematical and pbilofophical view* This fcience 
therefore comprehends mufic, 'which confiders the 
ratios of founds, fo far as they are ^greeabl^ to the 
ear, either by their fuccefliotni^ which conAitutc^ 
melody;^ or by their fimultaneiety, which forms 
harmony. We fliaH here give a brief account of 
every thing mofi curious and interefting in regard 
to this fcience. 
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Definition of found; how diffuftd and tranfmtted 
to our organs of hearing; experiments on this. 
fubjeB ; different ways of producing founds 

Sound is nothing elfe but the vibration of the 
particles of the air» occafioned either by Tome fud« 
den agitation of ^ certain mafs of the atmofphere/ 
violently comprefTed or expanded, or by the com- 
munication of the vibration of the infenfible parts of 
a hard and elaftic body. 

Thefe are the two heft known ways of producing 
found. The ejiplofion of a piftol, or of any other 
kind of fire aims, produces a report or found, be-' 
caufe the air or elafljic fluid, contained in the gun- 
powder, being /uddenly dilated, '.comprefles the ex- 
ternal air with great violence : the latter in confe- 
quence of its elaflicity, r^-a3s on the furrounding 
atmosphere, and produces in its moleculae an ofcil- 
latory motion, which occafions the found, and which 
extends to a greater or lefs diAance, according to 
the intenfity of the caufe. that gave rife to it* 

The other method of producing found, is to ex- 
cite in an elaftic body, vibrations fufficiently rapid 
to occafion, in the furrounding parts of the aip^ a 
fimilar motion. Thus, an extended ftring, when 
ftnick, emits a found ; and its ofcillations, that is 
to fay its motion backward and forward, may be 
diftinftly feen. The elaftic parts of the air ftruc k 
by the ftring, duving the time it is. vibrating;^ 9x:e 
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themfelves put into a ftate of vibration, and com* 
xnunicate this motion to the neighbouring ones. 
Sach alfo is the mechanifm by which n bell pro- 
duces its found : when flruck, its vibrations are 
fenfible to the hafid which touches it. 

That air is the vehicle of found, may' be proved 
by the following experiment : if a bell be fufpend- 
ed in the receiver of an air-pump, the found of it 
decreafes in proportion as the air is exhaufied, and 
at laft becomes totally infenfible when a com|>lete 
vacuum has been formed. 

Sound always ceaies when the vibrations of the 
foborous body c^fe, of becofne too weak. Thia 
mky be proved alfo by an experimeiit j for when 
the vibrations of a -fonorous body ar€l damped by 
any foft body, the found feems fuddenly to ceafe • 
10 a piano^forte therefore the quills are furnifhed 
with bits of cloth, that by touchittg the firings 
when they fall down, they may damp their vibra* 
tions. On the other hand, when the fonorous body 
is, by its nature, c^ipaWe of continuing its vibra- 
tions for a confiderable time, as is the cafe with a 
large bell* the found <nay be heard for a long time 
lifter, ^ 

0/ the vdocity of found; expmmsnis for deUrmi^ 
ning it / method of nuafwring dijhances by it. 

Light is tfanfmitted from one pl^ee to another 
W^th iucoQceivable velocity ; but Aiis is not the caf^ 
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With foand : the velocity of found is very mode- 
rate, and may be meafured in the following man- 
ner. 

Let a cainiion be placed at the diftance of feveral 
Ifaqufand yards, and let an obferver, with a pendu* 
ium that vibrates feconds, o# rather half fecohdSi 
put the pendulum in motion, as foon as he fees 
the flafli, and then coujit the number of feeonds or 
half feeonds which elapfe between that period and 
tlie moment when he hears the explofion. It is 
evident, that if the moment when the flafli is feen 
be considered as the fignal of the explofion, tiothing 
will be ncceflary, to obtain the number of yards 
which the found has paffed over in a fecond or 
half fecond^ but to divide the number of the yards, 
between the place of obfervation and the cannon^ 
by the number of tbc^ feeonds or half feeonds which 
have been counted. 

Now the momeait wben the flalh is perceived 
«2ay be conlideKd at the mA moment of che tx^ 
ploion t for fo great is the velocity of light, that 
it employs fcarcely a fecoad to lrav«rfe 70000 
leagues. ^ 

By lim method it has been ibunit, dun found 
moves m tiie rate of about it asl feet in a ftfcond* 

This melhodi may be employed to <letermine the 
4ifiance of fliips at £ea, or in a faavbjour, whea 
they fire gnns, pcovidej the iafh can be foen, ayii 
the cxploftea biSil^ fiwiiig a ftwui alfo ttie ii[i> 
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tance of a thunder-cloud may be determined in tbe 
.fame manner. But as a pendulum is not always 
to be obtained, its' place may be fupplied by obfer- 
vihg the beats of the pulfe ; for when in its ufuat 
ilate each interval, between the pulfations, ia almoft 
equal to a fecond« 

How founds may be propagated in every dire&ion^ 
without confufion. 

This is a very fingular phenomenon in the pro- 
pagation of founds ; for if feveral perfons fpeak at 
the feme time, or play on inftruments, their diffe- 
rent founds are heard fimultaneoufly, or all together, 
either by one pcrfon, or by feveral perfons, with- 
out being confounded in pafling through the fame 
place in different direSions. 'Let u& endeavour to 
account for this phenomenon. 

The moleculae of the air oontiguous to the.fo- 
norous body receive .from- it an ofciliatoryi arid vi- 
bratory motion, which; in confeqiience of •their 
elafticity, is fucceffively * tranfmitted to^ a certain 
diftance. As the fonorous body is the centre from 
.which the nfotiori ir coinmiinicaied in every direc- 
• tion, the .found' muft..ii9ceflarily bescome; weaker in 
proportion as the niafs of .*air, wbiith receives it, 
jbecomes. greater. Theidifierent founds, of what- 
ever nature» muft boheard, becauie they are tranf* 
xnitted to the^organ^f; bearing b)i analogous mole^ 
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ciitae of the air, in the 'fame manner as when a 
certain tone is emitted, in an apartment, it cannot 
be repeated but by thofe firings of the inftruinent 
which are in unifon with it. Sounds of greater 
intenfity cannot be propagated with more velocity, 
though the vibrations of the aerial moleculae which 
tranfmit them be ftronger, becaufe they are always 
ifochronous, ]ike thofe of pendulums more or lefs 
^removed from the vertical line, or firings more or 
lefs bent. 

Of echoes: how produced; account of iht mofk re* 

niarkable echoes^ and offome phenomena refpeSing 
thein* 

Echoes are well known ; but however common 
"this phenomenon may be, it muft be allowed that 
the inanner in which it is produced, is involved in 
confiderable obfcurity; and that the explanation 
given of it does not fufficiently account for all the 
circumfiances attending it. 

All philofophers almoft have afcribed the forma- 
tion of echoes to a reflexion of found, fimilar to 
that experienced by light, when it falls on a po- 
• iiOied body ; but, as D'Alembert obferves, this ex- 
planation is falfe ; if it were not, a polilhed furface 
would be neceffary for the produ&ion of an echo ; 
but it is well known that xhis is not the cafe. 
Echoes indeed are frequently heard oppofite to old 
walls, which are far from being polithed; Bear 
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(hapelefs inaiTes of rock, and in the neighbourhood 
of forefls, and even of clouds. This reflexion of 
found the;-efore is not of the fame nature as that of 
light. 

It is evident however, that the formation of an 
echo can be afcribed only to the repercuffion of 
found ; fdr echoes are never heaard^ but when found 
is intercepted and iQade to rebound by one or more 
obftacles. 

Sound, as already faid, is propagated in every 
dire£Uon by the vibration of the particles of the 
air ; but if any column of air refts^gainft fome ob*^ 
'ftacle that prevents the dire£l movement of the elaf^ 
tic globules, Which ferve as the vehicle of foundi 
it muft rebound in a contrary direction, and ftri* 
king the ear» if it meets with one in the lipe of 
repercuflion, convey to it a repetition of the fame 
foutid, pr<>vided the original found does not afie£t 
that organ at the fame inftant. 

But we are taught by experience that the 
ear does not difUnguifli the fucceflion of two 
founds, Onlefs there be betweei;i them the inter- 
val of at Icjaft one twdfth of a feconds for du* 
ring the mc3|fi rapid movement of inftrumental mu« 
fie, each ipeafure of which cannot be eftimated at 
lefs than a fecond, twelve notes are the utmoit that 
can be comprehended in a mealure, to render the 
fuccelQon of the founds diftinguifliable ; confe- 
fiujsntjy the obftaclis« wj^icb tefleQs the jTound/nruft 
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be at* fucb a diftance, that the revesberated found 
ihall not fucceed the dire6l found, till after one 
twelfth of a fecond ; and as found moves at the rate 
of about 1142 feet in a fecond, and confequently 
about 95 feet in the twelfth of a fecond, it thence 
follows that, to render the reverberated found dif- 
tingui(faable from the direQ. found, . the obftacle 
malt be at the di&an^e of no more than about 48^ 
feet. . ' 

There are fingle and compound echoes. In the 
former, only one repetition of the found is heard ; 
intheiatterj there are 2, 3, 4, 5, &c. repetitions. 
We arer even told of echoes that can repeat the fame 
word 40 or 50 times. ! 

Single echoes are thofe where there is only one 
obftacle; but double, triple, or quadruple echoes, 
give us reafon to fuppofe. fevcral obflacles idifpofed 
in fuch a manner^ that the different refl.e6ted founds 
ilrike the ear at times fenfibly different. 
^. There are fome echoes that« repeat feveral words 
in f^cceffioB ; but this is not aftoniOiing, and mud 
always be the trafe when a perfon is at fuch a dif- 
tance from the echo, that there is fufficient time to 
pronounte fevcral words before the repetition of the 
firft has reached the ear. 

There are cenain echoes which have been much 
celebrated on account of their fingularity, or of the 
number of times that they repeat the fame word. 
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Miflba, in bii defcdption of Italy, fpeak& of an' 
€cho, in the vineyard: of Sim^netta, which repeatj- 
<d the feme word 40 times. 

At Woodllock, in Oxfordfliire, there is an echd 
which repeats the fame found 50 timej. 

The defcription of an echo ftill ^ morje fingular, 
near Rofneath, fome miles diAant from Glafgow, 
ittay be found ia the PhilofophicalTcanfafiions^for 
the year 1698. If a perfon, placed at the proper 
diilance, plays 8 or 10 notes of an air wkb aitrum- 
pety the echo faithfully repeats them» but . a third 
lower; after .a fliort fil^nce» another , repetition ia 
heard, in a tone ftill lower ; and anotber {hort fu 
lence is followed by a third repetition, in a lone a / 
third lower, 

A fimilsQT phenomenon obferved in fome places 
iSf that if a perfon. (lands in a certain pofition, and 
proriounces a few words iwith a low voice, they are 
heard only by another perfon (landing in another ^ 
determinate place : this, arifes fromihe elliptic form 
of ardies, which have the property of pollening in 
one of their foci the rays that proceed diverging 
fpom the other. 

' The' (bl lowing phenomenon depends^ on the fame 
theory. 

To conftruff twa figures^ to ht ptated at tht tw^ tnd$ 
of ck halU one of which fkall repeat to the ear of 
a perfon what has been vjvtfpered into the ear of 
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flhe other Jigure, withvut being heard iy any other 
perfon in the hall. 

Provide two heads or bufts, ftiadeof pafteboard^ 
refting on pedeftals, and place them in a hall at fuch 
a diftance from each other as you may think pro* 
per. Then convey a tube of tin-plate, an inch in 
diameter, from the ear of one of the figures, through 
the pedefta! on which it refts, and below the floor- 
itig, till it reach the mouth of the other figtire,^ 
gaffing through its pedettal in the fame manner, as 
that of the former : this tube mull be a little wider^ 
e^ each of its extremities, fomcWhat in the fonti of 
a funnel* . 

• Wh,en it is neceflarjr to tend this tiibe, tare muft 
be tak^n to cover the interior angles \frith a piede of 
tin-plate inclined at aii angle of 45 tiegrees, that the 
voice may be dircSly reflefted from one part of the 
tube to the other, and that tht found may be con- 
veyed diliinftly to the car. 

This conftruftion will producd the following ef- 
feft. If a pet-fon whifpets into the ear of oife (d 
thefc figures, the words he pronounces will be diP 
tinClly hteard by a fecond perfon Mrho applies his eaf 
to the mouth of the other figure. 

The fecret of the magic mirrbr, as it is called^ 
depends on the fame theory. The conftf uftiori of 
this mfarror is as follows : 

K t 
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Fix, in a vertical pofition, a concave mirror, two 
feet in diameter, and of fuch a degree of curvature, 
that the focus of the rays which fall upon it, in a 
parallel dire£lion, may be at the diftance of twelve 
or fifteen inches, from the refltfting furface; At this 
diftance place a fmall figure, but in fuch a madner, 
that its head may be exa£lly in the focus. 

This mirror muft be placed at the diftance of 8 or 
to feet from a wall oppofite to if, and parallel to its 
furface : the wall muft have in i an aperture, equal 
to the furface of the mirror, concealed by a very 
fine curtain, that the found may eafily pafs throught 
it. Provide alfo a fecond mirror of the fame form, 
with a fimilar figure, and place it behind the wall at 
the diftance of two or three feet from it, and oppo- 
fite to the former, with the figure in its focus. It 
may be readily conceived, that when a perfon only 
whifpers into the ear of the fmall figure beliind the 
wall, a perfon {landing near that placed iti the focus, 
of the oppofite mirror, will hear very diflindly the 
words whifpered into the car of the former. In 
this inanner, the perfon who alks a queftion, ftanding 
near the firft figure, hears the anfwer which h 
whifpered into the ear of. the other behind the 
wall. 

In order to conceal entirely the apparatus, which 
produces this effeft, and to render it much more ex- 
traordinary, the pretended concave magic mirror 
may be covered with a piece of gauze^ which wiO 
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not prevent the tranfmiffion of the founds from the 
one focus to the other. 

The Memoirs of the Academy of Sciences, at 
Paris, for the year 1692, fpeak of a very remarkable 
echo ia the court of a gentleman's feat, called le 
Genetay, in the neighbourhood of Rouen. If is 
attended with this fingular phenonienon, that a per- 
fon who fings or fpeaks in a low tone does not hear 
the repetition of the echo, but only his own voice ; 
while, on jLhe other hand, thofe who liften hear only 
the repetition of the echo, but with furprifing va-^ 
nations ; for the echo feems fometimes to approach 
and fometimes to recede, and at length ceafes when 
the perfon who fpeaks removes to fome diftance in 
a certain direftion. Sometimes only one voice is 
heard, fomotimes feveral, and fometimes one is 
heard on the right and another on the left. An ex- 
planation of all thefe phenomena, deduced from the 
femi-circular form of the court, may be feen in the 
abore colte3ion. 

Experiments re/peSing the vibrations of mujical 
firings^ which form the bafis of the theory of 
mufic. 

If a ftriBg of metal or cat-gut, fuch as is ufed for 
mufical inftruments, made fall at one of its extremi- 
ties , be extended in a horizontal dire£lion over a 

I 
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fixed bridge, and a weight be fufpended from the 
other extremity, fo as to ftretch it ; this firing, when - 
firuck^ will emit a found produced by reciprocal 
vibrations which are fen&ble to the fight. 

If the part of the firing made to vibrate be iborten- 
cd, and reduced to one half of its length, any perfon 
who has a mufical ear will obferve, that the new 
found is the o£lave of the former ; that is. to fay, 
twice as (harp. 

If the vibrating part of the firing be reduced to 
two thirds of the original length, the found it emits 
will be the fifth of the firft. 

If the length be reduced to tbree^fourths^ it will 
give the fourth of the firft. 

If it be reduced to f , it will give the third major j 
if to i, the third minor. If reduced to f , it will 
give what is called the tone major ; if to y^, the 
tone minor; and if to ih ^^^ femi-tone, or that 
which in the gamut is between mi and Ja or Jf 
smdJoL 

The fame refults will be obtained if a firing be 
faftened at both ends, and -|, I, and -J of it be fuc- 
ceffively iiitercented by means ef a moveable 
bridge. 

{See the following table relating to thisfubje3,J 



\. 







MUSICAL STRINGS^ 


»99 




JL. 


s 


2" * '^AB^O^l^HX 

O^ Jl. 




1 •aAe^O'N^oa \Z, 


^ / ,  . .>v 




, ^ ,, ^ — , s, „ 


V 


4 1 


•iouiui qixig 1 


•iofeiu ijixig 1 ' -qJJipMX J 




S--' 




'Uiin 


•feui 




1 




• 

3 


'^& 


•pS 


•pe 


•qji' 


•H^J 


•^30 


o 6 fi o «> 
















^ X JQ •^ -9 


bs 














M «^ ^ 3*-vW 


4>°* 






• 








v^ 2 t; o-c 


1« 
60 














o «: vs -xj i3 ^ 


o 












k, «> -U U 4> 














*> jC -C -C s'^' 


J^ ""^ 


w 


1 










"^ HHHH 


o  














o 


• »-• 

1 


1 j 










o 


» 


1 








^ .. SJ340U3P 


Q 






•£ Jq too6 ri-oo 






1 






bo C 

g 552Sa 


4J 












^ c 






^ 










■^ ^ **" "^rnl 


«Q 


^ 


^^ 












^3 


1 






"". 1 




o -^ e ^ 


w t 


" 


1 




• 




«r*^ a'fi_e-6 




- 




- 










c 




* 










rj TS V «•« 4> 


.2 














g w U3 -a J5 43 


% 














>.SHHHH 




• 










^ g 






 


^ 


IMS 






^ S S9)oa8p 
« -a —- — > 


7 


► 


" 










S M w-»vo ao m 


^ 




. 










*^ .^ o o o o 
*« jrj iij jij ^ iX 


«> 






* ' 






%-i 


4« 


l" 


*~" 








S ^ ^««^VO M 


H .^^ - 1 


r 










c ^ .... 




1 


"^1 
e 8 


1 


i -* 


"•1 




% 


"• 






# ft 














^ V t) u 


•^ *— 1 










2 {Si3{2 


t 


• 






" 








• f 


Ml 


■^ 








& Sdjousp 


v# 


t 


r 




V 




u ^ *< fO'^ 


C8* 




» 










Oh "^ 




' 




 




» 


a |3S2 




' 




K 








4> 


'l 00 


so 




• 


CO 


• 

t3 


V4 

• 





ftOO AMUSEMENTS OH 

Such is the refult of a determinate degi-ee of'ttn- 
fion applied to a ftring, when the length of it has 
been made to vary. Let us now fuppofe that the 
length of the firing is conftantly the fame, but that 
^ts degree of tenfion is varied. The foltewing is 
what we are taught by experiment on this fub. 
jetl: 

If a weight be fufpended at one end of a firing of 
a determinate length, made faft by the other, and if 
the tone it emits be fixed, when another weight qua- 
druple of the former is applied, the tone will be the 
otlave of the former ; if the weight be nine times as 
heavy, the tone will be the octave of the fifth ; and 
fo on ; fo that the tones will become acute in the 
ratio of Ae fquare roots of the weights. 

The fize of the firings has an efiefl in regard to- 
the tones, as well as the different lengths of the 
firing, and the weight by which it is ftretched; for 
it is proved by experiment, that a firing twice as 
fmall in diameter as another, every thing elfe being 
the fame, emits a tone which is the o3ave of that of 
the other ; and that if the diameter is only a third of 
that of the other, the tone is the oQave of the fifth 
of that other ftring, following the order of the diatonic 
fcale. / 

.We may thence conclude, that the tones of the 
iftufical firings are in the direft ratio of the fquare 
root of the weights by which they are ftretthed, 
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aad in the inverfe ratio of the lengths and diameters 
of thefe firings. . , ' 

Confequehtly, to bring into unrfon ftrings which 
differ in length and diameter, and which arc flretched 
J)y different weights, the compound ratiio thence re- 
fitting rauft be cxaftly the fame, in oi:der that the 
frequency of the vibrations in one may be compen- 
fated by the flownefs of another. Thus two firings 
of the faraefize, the lengths of which are as 2 to i, 
and the flretching weights as 4 to 1 , ^ill have their 
vibrations ifochronous^ that is to fay, they will be iti 
u'nifon : two ftrings, the idiameter^ of which arb as 
2 to 1, and the" lengths as 1 to 2, ftretchedby equal 
weights, will be in linifon alfo, as well as thofe 
which,; being of equal lengths, have their diameters- 
as 2 to 1, and the flretching weight as 4 to 1. 

We may Conclude therefore, that two firings, the 

'diameters pf which are as 3 to 2, and th^ fengths as 

1 to 3, cannot be in unifon, unlefs the weighty, by 

which they are flretched^ be; to each other i^ the fame 

ratio as 1 to 4. . 

To determine the number of the vibrations^ made by a 
Jlring of a given length and Jize, whenjiretchtdby 
a given weight. 

A very ingenious^ metliwd, invented by M. Sanveuir, 
for finding'the number of thefe vibrations, *naay be 
feen in the Memoirs of the Academy of Sciences, 
for 170C. Having obferved, when tvro organ-pipes, 
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very low and Having tones very near to each otker^ 
were founded at the fame time, that a ferics of pul- 
fations or beats were heard in the founds ; and by re- 
fleding on the caufe of this phenomenon, he found 
that thefe beats arofe from the periodical meeting of 
the coincident vibrations of the two pipes. Hence 
he concluded/ that if the number of thefe pulfation^,, 
which took place in a fecond, couM be afcertained 
by a ftop watch, and if it were poflibte alio to de« 
termjne, by the nature of the confonance of fehe two 
pipes, the ratio of the vibrations which they made 
in the fame time, he fiiould be able to afeertain the 
real number of the vibrations made by each* 

We fliall here fuppofe, for example, that two 
organ-pipes are exaftly tuned, the one to mi flat, and 
the other to mi : it is well known, that as the inter- 
val between thefe two tones is a femi-tone minor, 
exprcffed by the ratio of 24 to 25, the higher pipe 
Will perform 25 vibrations while the lower performs 
only 24 ; fo that at ^ach 25th vibration qi tlie for^ 
mer, or the 24th of the latter, there will be a pulfa- 
tion ; if 6 pulfations therefore are obferved in the- 
covirfe of 1 fecond, Mfe ought to conclude, that. 24, 
vibrations of the one and 25 of the oth^r tftke pl^ce 
in ihe tenth of a fecond : and confequently that the 
one perforoAS. 240 vibrations, andc the. othei^ 250, in 
the courfe of a fecond. , 

M. Sauveur.made experiments according to thii. 
idea, and found that an open organ^-pipe, 5 feet in. 
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length, makes 100 vibrations per fecond ; confe- 
qu^ntly, one of 4 feet, which gives the lower triple 
oftave, and the loweft found perceptible to the ear, 
would make only ift^; on the other hand, a pipa^ 
of one inch lefs tV» being the fliorteft the found of 
which can be diftinguifhed, will give in a fecond 
6400 vibrations. The Kniits,* therefore, of the 
ffoweft and the • qdickeft vibrations appreciable b)r 
the ear, are according to M. Sauveur, i2iand 6400. 

We fliall not enlarge further on thefe details, but 
proceed to a. very curious phenomenon rcfpeftin^ 
ftrings in a ftate of vibration. 

Make hti a ffring by both its extremities,, and by 
means of a bridge divide it into aliquot parts, for 
example, j on the one fide and t on the other, andi 
pat the larger part, that i* to fay the f in a ftate of 
vibration ; if the bridge abfolutely intercepts all com* 
fnunication from« the one part to the other, thefe f 
of the firing, as is well known, will give the tone of 
the fourth of the whole firing ; if f, be intercepted^ 
the tone will bethe tierce major. 
, But if this bridge only prevents the ^holie of the* 
ftring from vibrating, without intercepting the com^ 
munication of motion from the one part to the other,, 
the greater part will then emit only the fame found' 
as the lefs, and the -J of the firing, which in the 
former cafe gave the fourth of the whole firing, will 
give only the double oflave, which is the tone pro- 
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per to the fourth of the firing. The cafe is the fame 
if this fourth be touched : its vibrations, by_ being 
communicated to the other three-fourths, will make 
them found, but in fuch a manner as to give only 
this double o£lave. 

The following reafon, which may he rendered 
plain hy an experinjent, is afligned for this pheno- 
menon: when the bridge abfolutcly intercepts all 
communication between the two parts of the firings 
the whole of the largell part vibrates together; and 
if it be i of the whole firing, it makes, agreeably 
to the general law, 4 vibrations in the time that the 
wh<^e firing would make 3 : its found therefore i» 
the fourth of the whole firing. 

But in the fecond cafe, the larger part of the 
firing divides itfelf into 3 aliquot parts,, each o£ 
which is equal to tbe lef«, and all thefc di[lin£l Jior- 
tions perform their particular vibrations; for if bits 
of red paper, for example, be placed upon all (he 
points of divifion. and bits of white paper in the 
middle of each divifion, the former will remain mo- 
tionlefs, but the latter will drop off as foon as. the 
firing begins to vibrate,. 

. If the part of the flring immediatefy mgde to 
vibrate, inflead of an aliquot part of the remainder, 
be only ^ of it, the whole ftring will then divide 
iifelf into feventh parts, and will emit only that tone 
which belongs to ^ of its length. 
If the Icfs part of the firing be incomm^nfurablft 
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to tbe greater, the found will abfolutely be difcor- 
4ant, and will almofl immediately ceafe.^ 

Method of adding, fubtraSing, multiplying^ and 

dividing concords • 

It is aeceflfarv^ for thofcwho wifli to. underiland 
the theory of muflc, to know what concords refult 
from two or more concords, either when added or 
fubtra£led, or when multiplied by each other. For 
this reafon we ihall give the following rules : 

Pkob. !• To add one concord to another. 

ExfJrefs the two concords ^by the fraftions which 
reprefent them,^ and then multiply thefe twofraftions 
together : that is to fay, firft tlie numerators and 
tlien the denominators: the number thence prd* 
duced will exprefs the concord refuking from the 
fum of the two concords given. 

EXAMPLE !• 

Let it be required to add the fourth and fifth to^ 

gether. 

•   . .  . i ' 

. The exprf ffion for |h|e fifth is -f, ai^d that for the 
fourth 1^, the produft of which is -j^y r^: |> beiog 
the expreflion for the oQave, It is indeed well 
known that the oftave is compolcd. of a £fth and a 

fourth, . : . . « 
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EXAMPLE ir, 

WSof w ^ concord ari/mg from the addition t^ tie 
third nu^or and the third minor? 
The exprclTiOD of third- major is i, and that of 
«hc third minor is ^,. the produEl of which is .|^ 
or -1. which exprcfTes the fifth; and this concord 
indeed is compofed of a third major and a third 
minor. 

EXAMPLE Iir. 

Whit is the concord produced by the addition of 
two tones- tiuijor f . , 

A tone major is expreffed by 4; confequently, 
to add two tones mEtjor, | muft be multipUed by ^.. 
The produft j^ is a fraElion lefs than 44 or yr 
which expreiles the third major ; hence it ^llows^ 
«hat the concord exprefibd by xr '^ greater than the- 
third major, and coafequently two tones major are' 
more than- a third major, or form a third major, falfe 
by excefs. 

On tho other hand, By adding' two tones minor,, 
which are each exprefled by tV. it will be found" 
that their fum iVu is greater than -^VV or t. which 
denotes the third major : two tones minor there- 
fore added together make more than- a third' 
•Hiajor. 

 This third is indeed' compofed of a tone major 
and a tone minor, as may be proved by adding to- 
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gether the concords | smd 7^^^ v^hicR tna^ i^ zst^ 

ITT 03P -f-- 

It might be proved, in like maAiier,. that . two 

femi-tones major make-moi"e than a tone major, and 

two femi-tones minor Ie|s even than a tone mino^;. 

and, in the laft place, that a femi-tpne major and a^ 

femi<4one minor make exaflly a tone minor.. 

Pr 9 B . 1 1 . To fubtraS one concord from another,- 

Infiead of multiplying together the fraftion* 
which exprefs the given eoncwdsv invert that whi^li^ 
exprejDTes the concord to be fubtrafted from the 
other, and then multiply them together as hefpre r 
the produft will give a fraftion exprefllng the con^ 
cordre^uired^ 

EXAMPLE r^. 

What is ihe concord which rejults from . the fifkh 
fubtraSed from the oBavef 

The expreflion of the oftaye is \ ; that of the fifth 
•I, which inverted gives 4 ; and if \ be multiplied 

by I we fliall have |, which exprelTes the fourth. 

 \ . 

EXAMPL]^ lU 

Whdi is the dijfference between theton^ majar and the 

' tone minor? 

The tone major iriexprefled by %^ and the tone 
uaindr by -j^iy, whiclv when ina^rerted give*. V i thfc 



v..«- 



tl08 AMUSZ^MEN^TS. ON 

the produft of f by y is |?, Which exprfefFes the 
difference between the tone major and the tone mu 
nor. This is, what is called the great comma, 

V 

PnOB. III. To double a concord, or to muUipfy 
it any number of times y at pleafure. 

In this cafe, nothing is neceffary but to raife the 
terms of the fraftion, which expreffes the given 
concord, to the power denoted by the number of 
times it is to be muhiplied ; that is, to the fquare 
if it is to be doubled, to the cube if to be tripled, 
and fo on. 

Thus, the concord arifing from the, tone major 
tripled, i$ j-^^;' for as the expreflion of the tone 
major is -|» we fhall have 8 x 8 x 8 s= 512, and 
9x9X9 = 79g. This concord -fyf corre- 
fponds to the interval between ut and a Ja, higher 
than^a Iharp of the gamut. 



pROB. IV. To divide one concord by any number 
at pkafure^ or to find a concord which Jhall be 
the half^ thirds &c, of a given concord* 

r 

To anfwer this problem, take the fraftion whi^h, 
expreffes the given concord, and extraft that root 
of it which is denoted by the determinate divifor % 
:that is to ! fay, the fquare root,^ if the concord is to 
fhe divjdmi int<^ two ^ Ihe cube root« if it is t^ be 



- T - —'t- 



MUSICAL STRINGS. . '20$ 

divided intQ thireev&c; ; andt this root wiU exprefs 
the concord required. * . ^ 

|:XAMPLE. "* 

' r • / 

C 

As the oftave is expreffed by |, if the fquare root 

of it be extra&ed, it will give -j^^ nearly ; but -^ 

is lefs than |-, and greater than -f ; confequently 

■the middle of the bftave is between the fourth and 

the fifth, or very near fa fharp. 

Of the refonance ofjonorous bodies^ the fundamental 
principle of harmony and melody ^ witAfome other 
harmonical phenomena, • • ^ 

EXPERIMENT I* 

If you liften to the found of a bell, efpecially 
when very grave, however indifferent your ear may 
be, you will eafily diftinguiih,- befides the principal 
found, fevenil other founds xoi^TQ acute; but if you 
have an ear accuftomed to appreciate. the mufrcal 
intervals, you will perceive that One of thefe founds 
is the twelfth or fifth above the oflave, and another 
the feventeentfa major or the third major above the 
double o6iave. If your ear be Exceedingly deli- 
cate, you will diftinguifli alfo its o£lave, its double 
and even its tjriple o6bve : the latter indeed ai^e 
fomewhat more difficult to be heard, becaufe the 
o£laves are almoft confounded with the fundamea- 
tal found, in confequence of that natural fenfation 
which makes us confound the o£lave with unifoiu 
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]|f the bow of a violoncello be ftrongly rubbed 
againft one of its large firings, or the firing of a 
trumpet marine, you will perceivr the fame effeft. 
In a word, if you have an experienced ear, you 
will be able to diftinguilh tliefe different founds, 
either in the refonance of a firing or in that of any 
other fonorous body, and even in the voice* 

Another, method of making this experiment, 

Sufpend a pair of tongs by a woolen .or cotton 
cord, or any other kind of fnjall firing, and twill- 
ing the extremities of it around the f^re-finger of 
each hand, put thefe two fingers im<5 your ears. If 
the lower part of the tongs be then flruck, you will 
€rfl hear a, loud and grave found, like that of a large 
bell at a diflance ; and this tdne will be accompa- 
nied by feveral others, more aeiite, among which,^ 
when they begin to «[ie away, you will diflinguifh 
the twelfth and the feventeenth of the loweft tone. 
Rameau cohj^rmed the truth of this phenometibn by 
the help of feveral organ-pipes. 

This experiment refpeHing the refoifiince of fo- 
norous bodies, is not new. It was known ta 
Dr. Walli^ and 4o Merfenne, who fpeak of it in 
tlieir works i but it appeared to tliem a "fimple phe» 
nomenon, with the confequences of which they 
were entirely unacquainted. Rameau firfl difcover- 
cd the ufe of it, in deducing all the rules of mufiw 
can compofitioa,. which before had been founded oa 
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mere fentixnent, and on experiesice, incapable of 
ferving as a guide in all cafes, and of accounting for 
every efFeft. It forms the bafis of his theory of 
thorough bafs; a fyftem which has been op. 
pofed with much declamation, but which, how- 
ever, moft; muficians f?em at prefent to have a., 
dopted, 

AH jhis harmony therefore is multiple, and com* 
pofed of founds which would give the aliquot parts 
of the fonorous body, |, i, J, i, t> an3 we might 
add yt {> &c. But the weaknefs of thefe founds^, 
which go on always decreafing in ilrengtb, reiKlerft 
it difficult to diilinguiih them. Rameau however 
lays, that he could diftinguifli very plainly the foun4 
expreffed by y> which is the double oflave af a 
found divided nearly into two equal parts, being 
the interval between ia and si flat,^ below the firft 
o6lave : he calls it a loll found, and totally excludes 
it from hirmony, 

EXPERIMENT II. 

• ■»• 

If you adjuft feveral firings to the oftave, the 
twelfth, and the feventeenth, of the determinate 
ibund emitted by another firing, both afccnding arid 
defcending ; as often as you make that wliich gives 
the determinate found to refound ftrongly, you will 
immediately fee all the reft put themfelves in a 
ftate of vibration : you wiU even hear thofe found 
which are tuned lovrisr, if you take <;are to dani{k 
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fuddcnlyt by means of a foft body, the found of the 

former. 

Molt people have heard the glafles on a table 
emit a found when a perfon near them has been 
finging with a ftrong and a loud voice. The llrings 
of an inftrument, though not touched, are often 
heard to found in confequence of the fame caufe, 
efpecially after fwelling notes long continued. 

In a manner fomewhat fimilar, the diverfity of 
tones agitates, in various ways, the fibres of our 
bodies, excites the paflions, and produces in the 
fout fenfations fo different. 

On the harmonical founds heard with, the principal 
found: Whether they have, their four€e immediately 
in the fonorous hody^ or exijl inr the air or the 
organ f 

It is very probable that the principal foiuid is the 
only one that derives its origin immediately from 
the vibrations of the fonorous body. Philofophers 
of eminence have endeavoured to difcover whether, 
independently of the total vibrations made by a body, 
there are alfp partial vibrations ; but hitherto they 
have been able to obfprve only fimple vibrations. 
3e(ides, bow c#n it be conceived that the whole of 
a firing ibould be in vibration, and that during its 
motion it fhould divide itfelf into two or three, parts 
that perform alfo their difiia£l vibrations ? 
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It mufi then be faid, that thefe harmonica! founds 
of bftave, twelfth, feventqepth, &c. are in the air, 
or the organ: both fuppofttions are probable; for 
(ince a determinate found has the property of put« 
ting into a Hate of vibration bodies difpofed to give 
its oSave, its twelfth, &c. we miiR allow that this 
found may put in motion the particles of the air, 
fufceptible of vibrations of double, triple, quadru* 
pie, and quintuple velocity. What however ap- 
pears moft probable in this refpeft, is, that thefe vi- 
brations exift only in the ear : it feems indeed to be 
proved by the anatomy of this organ, that found is 
tranfmitted to the foul only by the Vibrations o£ 
thofe nervous fibres which cover the intierior part of 
the ear ; and as they are of different lengths, there 
are always fome of them which perform their vibra- 
tions tfochronous to thofe of a given found. But, 
at the lame time, and in confequence of the property 
above mentioned, this found mu ft put in motion 
thofe fibres fufceptible of ifochronous vibrations,* 
and even thofe which can make vibrations pf dou- 
ble, triple, quadruple, &c. velocity. Such, in our 
opinion, is the moft probable explanation tha( can 
be given of this fmgular phenomenon. 

Of ike modern mufic. 

Every one knows that the gamut, or diatonic 
fcale,^ is reprefejited by the founds '«/, rcy mi, fa^ 
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foK l^r fiy »^ which complete the whole esHent of 
the oflave ; and it appears » from the generation o^ 
it, as explained by Rameau, that froni ut to rt 
chere is a tone major ; from re to mi a tone minor ; 
from wi to Ja a femi-tone major; fromyi tofol a 
tone major, as well as itomfol to la ; and, in the 
Jail place> that from la to Ji there is a tone minor, 
and from^to ut a femi-tone majof# 

It is thence concluded^ that in this fcale there are 
three intervals which are not- entirely juft : thefe 
are: 

ift. The third mirior, from re to fd^ which be- 
ing compofed of a tone minor and a femi-tone ma* 
jor, 18 only in the ratio of 27 to 3a \ but this ratio 
u fomewhat lefs than that of ^ to 6^ which exprefles 
exa£l}y the third minor* 

2d, The third major, irotn/a to la^ is too Wghj 
being compofed of two ioties major ; whereias, to 
be exa6lly in the ratio of 4 to 5, it ought to confift 
only of a tone major and a tone minor. 

3di The third minor,' from' la to a/, is as far 
from being juft a* that from re to fa^ and for the 
htmt reafon. i. • . 

On thi caufe of the pkafure arifing from fnujliCi-^A> 
The effe&s of harmony on man and on animals-. 

It has often been alked, wfcy two fouAds, which 
form together the fifth and tht third) excite p(ea^ 
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fufe*« while the ear Experiences a^ difj^eeable fen- 
fatiori, by hearing founds Avhich are no more than, 
a! tcflne op a femi-tone diflant from each ether. 
Thojugh it is difficult to anfwer thi« queftiori» the 
following obfervations may tend to dirow fome light 

• Eleafure, we are told, arifes from the perception 
o£ cekiioQSv a^ may be proved by various examples 
taken from the arts^ The pleafure therefore deri- 
ved: from, mulic, can(i(ls iii the perception of the 
relations of founds*. But are thefd relations fuffi« 
ctently: Gmple fprjrtbe fbiil to. perceive and diftin^ 
guifh their order ? Sounds will pleafe when. heard 
together in a- oeriiua order ; but, on the other 
hand,, they will difpleafe if their relations are 
too complex, or if they are abfolutely deftitute- 
of order. 

This., reafontng'will ibe ifuf&ciently proved by an 
eaumeration. of thjg J^ilowin 'Concords.and difcoirds*; 
In unifon^ the vibrations of two founds continue 
ally coincide, throughout the whole time of- their 
duration ; this is . the fimpleft. kind of relation. - 
Umfon^ alfo. is. the^ fitft concord in the '.o&ave i^ 
the two foundB\bfi.which j it is. cqmpofed perfonm 
their vibrations in fucli a maBner> that, two of the 
one are- completed in ^the fame time as one of the^ 
other : thus the unifon is fucceed^d by the o£lave« 
It is fonaturd to man, that be; wfaa through fomdi 
defe£l in bis voice, ' cannot reach a found toe 
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grtive or too acutei falls into the higher or lower 

o£lave. - 

When the vibrations of two founds are performed 
in fuch a manner, that three of .the one correfpond 
to one of the other, thefe give the (impleil rela- 
tion next to thofe above-mentioned. Who does 
not know that the concord moft agreeable to the 
ear is the twelfth, or the offave of the fifth? In that 
refped: it even furpafles the fifth. 

Next to the fifth, is the double o£lave of the 
fifth, or the feventeenth major, which is expreile^ 
t^^theratio of 1 to^. This concord, next to the 
twelfth,; is the moft agreeable. . i i 

The fourth^ expreifed by J, the third minor, ex- 
preSed by |-, and the fixths, both major and. mi- 
nor, expreffed by i and |, are concords, for the 
fame reafon. 

But it appears that all the other founds, after 
thefe relations, iare too complex for the foul to per« 
ceive their order. 

The following very ftrong objcaion, however, 
may be made to this reafoning. How can the 

m 

pleafure arifing' frdm concords confift in the per- 
ception of them,' fince the foul often docs not 
Icnaw whether fuch relations exift between Ae 
founds? The moft ignorant perfon is no lefs 
pleafed with an harmonious concert than he who 
has calculated the relation of all its parts : what hj^s^ 
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hitherto be^n faid, may therefore be more ingenious 
thaa folid. 

We cannot help acknowledging, that we are 
rather inclined to think fo; and it appeaffs to us, 
that the celebrated experiment oh the refonance of 
bodies, may ferve to account, in a ftill more plau- 
fible manner, for the jpleafure arifing from concords ; 
,becaufe, as every found degenerates into mere noife 
when not accompanied with its twelfth and its feven- 
teenth major, befides its oftaves, is it not evidenf, 
that when we combine any found with its twelfth, 
or its feventeenth major, or with both at the fame 
time, we only imitate the procefs of nature, by 
giving to that found, in a fuller and more fenfibie 
rdanner, the accompaniment which nature itfelf 
gives it, and which cannot fail to pleafe the ear, on 
account of the habit it has acquired of hearing 
them together ? This is fo agreeable 'to truth, that 
there are only two primitive concords, the twelfth 
and the feventeenth major ; arvd that the reft, as the 
fifth, the third major, the fourth and the fixth are 
derived from them. We know alfo, that thtjfe two 
primitive concords, are the moft perfeft of all, and 
that they form the moft agreeable accompaniment 
that can be given to any found, though, - on the 
harpfichord for example, to facilitate the execution, 
the third major and the fifth itfelf, which, with the 
o6lave, form what is galled perfeft harmony, are 

L 
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Tubftituted in their ftead. But this harmony is per- 
feft only by reprefentation, and the moh perfeft of 
all,, would be that in which the twelfth and the 
fcventcenth were combined with the fundamental 
found and its oftaves. Rameau therefore adopted 
it as often as he could in his chorufes. We might 
enlarge farther on this idea ; but what has been al- 
ready faid will be fuflficient for every Intelligent • 
reader. 

Some very extraordinary things are related in re- 
gard to the effefts produced by the mulic of the 
ancients, which on account of their fingularity we 
Ihall here mention. We (hall then examine them 
more minutdy, and (hew that, in this refpeQ, the 
modern mufic is not inferior to the ancient. 

Agamemnon, it is faid, when he fet out on the 
expedition againft Troy, being defirous to fecure 
the fidelity of his wife, left with her a Dorian mu- 
fician, who by the eflFeft of his airs rendered fruit- 
lefs, for a long time, the attempts of yEgifthus to 
obtain her afFeftion; but that prince having dif. 
covered the caufe of her refiftance, got the mufician 
put to death, after which he triumphed, without 
difficulty, over the virtue of Clytemneftra. 

We are told alfo that, at a later period, Pytha- 
goras compofed fongs or airs capable of 'curing the 
moft violent paflions, and of recalling men to the 
paths of virtue and moderatiqp : While the phyfician 
prefcribes draughts for curing bodily difcafes, an 
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able mulictan might therefore prefcribe an air for 
rooting out a vicious pallion. 

The Itory of Timotheus, the direflor of the muflc 
of Alexander the Great, is well known. One day, 
while the prince was at uble, Timotheus performed 
an air in the Phrygian talte, which made fuch an im- 
preffion on him, that being already heated with wine, 
lie flew to his arms and was going to attack his gucfts, 
had not Timotheus immediately changed the llile of 
his performance to the Sub-Phrygian. This change 
calmed the impetuous fury of the- monarch, who 
refumed his place at table. This was the fame 
Timotheus who at Sparta experieneol the humiliaB 
tion of feeing publicly fupprclfcd four ftrings which 
he had added to his lyre. The fevere Spartans-thought 
that this innovation would tend to eflfeminate their 
manners, by introducing a more extensive and more 
.variegated kind of mullc. This at any.ratc proves, 
that the Greeks were convinced that mafic had a pe- 
culiar influence on manners; and that it was the 
duty of government to keep a watchful eye over 
that art. 

Who indeed can doubt that mufic is capable of , 
-producing fuch an eSeft ? tet us only interrogate 
ourfelves, and examine what have been our fenfa- 
tions on hearing a raajeftic or warlike piece of muCc, 
or a tender and pathetic air fung or played * 
preffion. Who does not feel that the latter 
L 8 
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Tnuqh to melt the Ibul and difpofe it to pleafare, as 
the former to roufe and exalt it ? Several fafts in re- 
gard to the modern mufic place it, in this refpeft, on 
a level with the ancient. 

The modern mufic indeed has had alfo its Timo- 
theus, who could excite or califi at his pleafure the 
moft impetuous emotions. Henry III. king o€ 
France, haying given a concert on occafioil of the 
marriage of the Duke de Joyeufe, Claudin le Jeune, 
a celebrated mufician of that period, executed cer- 
tain airs, which had fuch an elFeft on a young noble- 
man, that he drew his fword and challenged every 
one near him to combat;- but Claudin, equally pru- 
dent as Timotheus, inftantly changed to an air ap- 
parently Sub-Phrygian, which appeafed the furious 
youth. 

What fhall we fay of Stradella, the celebrated 
compofer, -whofe mufic made the daggers drop from 
the hands of his affaflins ? Stradella having carried 
offthemiftrefs of *i Venetian mufician, and retired , 
with her to Rome, the Venetian hired three de- 
fperadoes to affaffinate him ; but fortunately for 
Stradella they had an ear fenfible to harmony. Thefe 
affaffins, while waiting for a favourable opportunity 
to execute their purpofe, entered the church of St. 
' John de Latran, during the performance of an ora- 
torioi' compofed by the perfon whom they intended 
to deftroy, and" were fo affefted by the mufic that'tbey 
abandoned their deCgn, and even waited on the mu- 



f , 



MUSICAL tones: 221 

fician to forewarn him of his danger. Stradella, 
however was not always fo fortunate ; other aflafTins, 
who apparently had no ear for mufic, ftabbed him 
fome time after at Genoa: this event took place 

aboiit the year 1670. 

Every body almoft has heard that mufic is a cure 
for the bite of the tarantula. This cure, which 
was formerly, confidered as certain, has by fome 
been contefted ; but, however this may be, Father 
Schott in his works gives the tarantula air, which ap- 
pears to be very dull, as well as that employed by 
the Sicilian filhermen to entice tKe thunny fifli into 
their nets. But it is probable that fifh are no great 
connoifleurs in mufic. 

Various anecdotes are related refpe&ing perfons 
whofe lives have been prefervcd by mufic effefting a 
fort of revolution in their conftitutions. A woman 
being attacked, for feveral months, with the vapours, 
and confined to her apartment, had refolved to ftarve 
hcrfelf to death : flie was however prevailed on, but 
not without great difficulty, to fee a reprefentation 
of the Strua Padrona^ at the conclufion of which 
flie found herfelf almoft cured ; and renouncing her 
melancholy refolution, was entirely reft ored to health 
by a few more reprefentations of the like kind. 

There is a celebrated air in Switzerland, called 
Ram des Vaches^ which had fuch an extraordinary* 
efie£l on the Swifs troops in the French ff^rvice^ 

L3 
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that they alvrays fell into a deep melancholy whea 
they heard it ; Louis XIV. therefore, forbade it ever 
to be played in France, under the pain of a fevere 
penalty. We are told of a Scotch air, which has a 
fimilar effefl on the natives of Scotland. 

Mod animals and even infers are not infenfible to 
the pleafure of mufic. There are few muficians 
perhaps who have not feeti fpiders fufpend them- 
felves by their threads in order to be near the inftru- 
ments. We have feveral times had that fatisfaftion. 
We have feen a dog/ who at the adagio of a fonata 
never failed to fiiew figns of attention, and fome 
peculiar fenfation by fowling. 

The moll fingular faft, however, is that men- 
tioned by Burney in his Hiftory of Mufic. This 
author relates, that an officer being ihut up in the 
Baftille, had pertniffion to carry with him a lute, 
on which he was an excellent performer; but he 
had fcarcely made ufe of it for three or four days, 
when the mice ifTuing fropi their holes, and the 
fpiders fufpending themfelves from the cieling by 
their threads, affembled around him to participate 
in his melody* His averfion to thefe animals made 
their vifit at firft difagreeable ; and induced him to 
lay afide this recreation ; but he foon was fo ac« 
cuftomed to them, that they became a fource of 
amufement. 

We have learned from perfons worthy of credit, 
now in London^ that during their refidence in thp 
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Levant, they have witneffed the influence of Gertain 
Greek fongs on the oxen» which the Greek farmers 
employ in agriculture. 

-Thofe who have feen, at Bartholomew fair, in 
Smithfield, two elephanis follow exaflly the meafure 
of the tunes played at the entrance of the place where 
they were kept, and humour all their variations, by 
the motion of their head and trunk, will find no 
difficulty in believing what BufFon has faid refpefting 
the fingular tafte of thefe animals for harmony. 

In a word, without deciding whether the fables of 
Amphion and Arlon may not, in fome meafure be 
founded on truth, we know that , the noify found 
of trumpets, and the harmony of. military inflru- 
ments, excite the courage of foldiers, and the ar- 
dour of horfes ; and the dire£lors of caravans take 
care to be accompanied on their march, -by per- 
formers on diSerent inllruments, the mufic of which 
has fuch an tffe& on their camels, that they are 
better enabled to fuftain the fatigue they muft un« 
der^e in traverfing^the burning defarts of Arabia or 
Africa. 

Of the properties of certain inftruments^ andparticu* 

larly zuind injlruments. 

We are perfeftly well acquainted with the man- 
ner in which flringed inllruments emit their founds ; 
biA erroneous ideas were long entertained in regard 
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to wind inftfuments, fuch as" the flute ; for the 
found was afcribed to the interior furface of the tube. 
The celebrated Euler firft reftified this error, and U 
xcfults from his refearches : 

ift. That the found, produced by a flute, is no- 
thing elfe than that of the cylinder of air contained 
ill it. 

ad. That the weight of the atmofphere, which 
comprefTes it, afls the part of a ftretching weight. 

3d. That the found of this <;ylinder of air, is ex- 
aftly the fame as that which would be produced by 
a firing of the fame mafs and length, extended by 
a weiglit equarl to that which cdmprefles the bafe of 
the cylinder. 

This faft is confirmed by experiment and calcu- 
lation ; for Euler found that a cylinder of air of 7I 
Rhinlandilh feet, at a time when the barometer is at 
a mean height, muft give z-JoUut ; and fuch is 
nearly the length of the open pipe of an oi^an which 
emits that found. The reafon of its being generally 
made 8 feet, is becaufe that length is required at 
thofe times when the weight of the atmofphere is 
greater. 

Since the weight of the atmofphere produces, in 
regard to the founding cylinder of air, the fame ef- 
feft as that produced by the weight which ftretches 
a firing, the more that weight is increafed, the more 
will the found be elevated ; it is therefore obferved 
that during ferene, warm ^f eather, the tone of wind 
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inftruments is I'aifed ; and that during cold and 
ftormy weather it is lowered. Thele inftruments alfo 
become higher in proportion as they are Tieated ; 
becaufe the mafs of the cylinder of heated air be- 
coming le/s, while the weight of the atmofphere re- 
mains unchanged, the cafe is exaftly the fame as if 
a ftring fliould become lefs, and be flill ftretched by 
the fame weight : every body knows that fuch a 
firing would emit a higher tone. 

But as ftringed inftruments muft become lower, 
becaufe thq elafticity of the ftrings infenfibly ' de- 
creafes, it thence follows that wind and ftringed in- 
ftruments, however well tuned they may be to each 
-other, foon become difcordant. 

A very fingular phenomenon is obferved in re- 
gard to wind inftruments, fuch as the flute and 
huntfman's horn : With a flute, for example, when 
all the holes are flopped, if you blow faintly into 
the mouth aperture, a certain tone will be produced ; 
if you blow a little ftronger, the tone inftantly rifes 
to the oftave, and by blowing fucceflively with more 
force, you will produce the twelfth or fifth above the 
oftave; then the. double oftave or feventeenth major. 

Ofjome miificalinjlruments, or machines, remark* 
able/or their Jingutdrity or conJiruSlion. 

At the head of all thefe mufical inftruments, or ^ 
machines, we ought doubtlefs to plac^thp organ;. 
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the extent and variety of the tone* of which would 
excite much more admiration if it were not fo com« 
mon as it is in our churches ; for befides the artt« 
fice neceflary to produce the tones by means of keys* 
what ingenuity muft have been required to contrive 
mechanifm for giving that variety of chajraQer to the 
tones obtained by means of the different ftops, fuch 
as thofe called the voice ftop» flute ftop, &Cv? A 
coniplete defcription, therefore of an organ, and of 
its conIlru£lion, would be fufEcient to occupy a 
large volume. 

The ancients had hydraulic organs, that is to fay, 
organs t^e found of which was occafioned by air 
produced by the motion of water. Thefe machines 
were invented by Ctefibius. of Alexandria, and his 
fcholar Hero. From the defcription of thefe hy* 
draulic organs, given by Vitruvius, in the tenth 
book of his archite£lure, Perrault conftru6led one 
which he depofited in the king's library, where the 
Royal Academy of Science's held their fittings* 
This inftrument indeed is not to be compared to the 
modem organs ; but it is evident that the mechanifm 
of it has ferved as a bafis for that of ours. St .Jerome 
fpeaks with enthufiafm of an organ which had twelve 
pair of bellows, and which could be heard at the 
diftance of a mile. It thence appears that the me- 
thod employed by Ctcfiblus, to produce air to fill 
%the wind-box, was foon laid afide for one mere 
fimplc ; that is tp fay, for a pair of bellows. 
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The performer on the tambour de bafque^ and the 
automaton flute player of Vaucanfon, which were 
exhibited and feen with admiration in moft parts of 
Europe, in the year 17499 may be clafled among 
the moft curious mufical machines ever invented. 
We (hall not however fay any thing of the former of 
thefe machines, becaufe the latter appears to have 
been far more complex. 

The automaton ffute-player performed feveral airs 
on the flute^ with the precifion and corre£lnefs of - 
the moft expert mufician. It held the flute in the 
ufual manner, and produced the tone by means of 
its mouth ;. while its fingers^ applied on the hples^ 
produced the different notes. It is welt known hovr 
the fingers might be raifed by fpikes fixed in a cy- 
linder, fo as to produce thefe founds^ ;: but it is dif- 
ficult to be conceived how that part could be exe-^ 
cuted which is performed by the tongue, and with- 
out which the mufic would be very defeftlye- 
Vaucanfon indeed confeffes^ that this motion in his 
maclune,. wa& that which coft him the greatefti 
labour.. 

A very convenient inftrument for compofers, in. 
vented in Germany, confifts of a harpfichord, which 
by certain machinery added to it, notes down any 
a!r while a perfon is playing it. This is a great ad- 
vantage to compofers, as it enables them, when 
luuried away by the fervor of their imagination, feo 
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prefervc what has fucceirn*ly received from their 
finj^en a fleetingexiftence, and whitt otherwife it 
would often be impoflible Ibr them to remember. 
A defcription of this machine may be found in the 
Memoirs of the Academy of Berlin for the year 
>773- 

Of a new injirument cdlUd the Harmonica, 

This inflj-oment was invented in America by Dr. 
Fraoklin, who gave a difcription of it to father 
Beccaria, which the latter publifhed in his works, 
printed in 1773. 

It is well known that when the finger, alittls 
moiftencd, is rubbed againft the edge of a drinking ' 
glafs, a fweet found is produced ; and th»t the tone 
varies according to the form, fizc, and thicknefs of 
the glafs. The tone may be raifed or lowered alfo 
by putting into the glafs a greater or lefs quantity of 
water. Dr. Franklin fays that an Irifhman, named' 
Pucfceridge, firit conceived the idea, about twenty 
vears before, of conftrufting an inftrumettt with 
feveral glafles of this kind, adjufled to the various 
(ones, and fixed to a ftand in fuch a manner, that 
different airs could be played upon them. Mr. 
Puckcridge having afterwards been burnt in bis 
hoiife, along with (his inftrument, Mr. D'elaval 
conftrnfted another of the fame kind, with glaffes 
better cliofen, which he applied to (he like purpbfe. 
About fourteen or fifteen years ago, an Englifh 
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> Jady at Paris, performed, it is (aid, exceedingly well 

I on this inftrument, which however did not lojig 

continue in vogue : at prefent it is confined to ca* 
binets among other mufical curiofities. 

A juggler, fome years ago, to Ihew his dexterity, 
placed on a table eight glaifes of the fame fize, which 
had all the fame.tone, and boailed that he could tune 

f them in an inftant by pouring water into .them, fa 

as to play an air with the utmoft precifion. •* Thofe 
who tune violins or organs," faid he, " are not fo 

I dexterous as I; fincethey often labour for a quarter 

of an hour, and try the fame pipe or ftring twenty • 
times, before they can bring it to the proper tone.** 
While he pronounced thefe words he poured water 
into the eight glafles ; then ftrikihg them one after 
the other with a fmall rod, he immediately (hewed 
that they emitted with great exaSnefs the tones o( 
the gamut, ut^ re^ mi, fa^ fol^ l^y Jt^ ut\ and as 
he then amufed the fpeftators by playing an air, 
which he accompanied with his voice, they over- 
looked the artifice he had employed in tuning his 

i , inftrument fo fpeedily. 

Each of the glaffes had a fniall hole at the proper 
height, fo.that when filled to the brim the water ran 
out till there remained no mbre than ^the quantity 
requifite to give the glafs the necelDTary tone, -^y^ 
theC? means, the inftrument tuned itfelf in a mo- 
ment ; and the niufician had no occafion to ppur in 
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or pour out water, at different times, to render the 
lone graver or more acute* 

On what is called afalfe voice. 

A fine voice is certainly preferable to every in- 
firument whatever* Unfortunaielyt many perfbn^ 
have only a falfe voice ; but, in general, this does 
not arife from any defe6l in the organs of the voice^ 
which are almoft the fame in all mankind : it origi* 
nates from the ears, owing to an inequality of 
ftrength in thefe organs, or to fome want of delicacy 
or tenfion, in confequence of which, as they re-^ 
ceive unequal impreflions, we neceflarily hear falfe 
founds, and the voice^ which endeavours to imitate 
them, becomes itfclf falfe. On this fubjeft Dr.. 
Vandermonde made a vfery fimpleexperimeht, which 
he relates in his Effay on Improving the Human 
Mind» and which may be repeated on children who 
pronounce with a falfe voice,, in order that a remedy^ 
may be Applied at that tender age when the organs- 
are ft ill fufceptible of modification. 

The experiment, as he defcribes- it, is as follows : 
** I made, choice," fays he,. ** of a clear day, and 
having fixed of! a fpacious apartment,. I took up my 
ftation in a place judged moft convenient for my 
experiments* I then ftopped one of the ears of the 
child who was to be the fubjeft of them, and made 
her recede from me» till flie no longer heard the. 



4b^a4 of a fjppeatiiig ^y'atcb which I held in my hand^ 
or at Mft until the found ef the bell produced % 
' very weak impreflion on her organs of hearing* I 
then defired hef to reniain in that place,- and imme« 
4iately going up to her unftopped her ear, and 
Aopped the other, taking care to caufeher to fliut 
her mouth, left the found, fhould be communicated 
to the ear through the euftachian tube. I then re- 
turned to my ftation, and making my watch again 
ftrike, the child was quite ^furprifed to find that ihe 
heard tolerably well ; upon which I made a fign to 
her to recede again till (he could fcarcely hear the 
found." It refults from this experiment, that in the 
ears of perfons who have a falfe voice, th^e is an 
inequality of flrength, and the means of remedying 
this defe£l in children, is to afcertain by a fimilar 
mode, which ear is the weakeft. ** When this has 
been discovered, nothing better can be done, in 
my opinion," fays Dr. Vandermonde, *• than to 
ftop up the other as^ much as poffible, and to take 
advantage of that valuable opportunity of frequently 
exercifing the weak ear, but in fuch a manner as 
not to fatigue it. The one thus made to labour 
alone will be ftrengthened, while the other will aU 
ways retain the fame force. The child's ear (hould 
from time to time be unftopped, in order to make it 
fing, and to difcover whether both ears have the 
fame degree of fenfibility." This natural defe£l may 
be then corre£led, and any perfon may be made to 
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acquire a true voice, provided the means pointed 
out by Dr. Vandermonde be early eitiployfed. 

Perfons who have a falfe voice, in confequence of 
fome inequality in the ears, may be compared to 
thofe who fquint ; that is to fay who, iii order to 
fee an objeSi diffin&ly, do not turn equally towards 
it the axis of . both eyes, becaufe they have not the 
fame vifual powers. It is probable ,that the former^ 
if they had early accuftomed tbemfelves to make ufe 
of only one ear, would hear diftinftly different 
founds which they would have imitated, and would 
not have contra£led a £alfe voice. 

Of the Speaking Trumpet^ and Ear Trumpet. 

As the fight is aflifted by telefcopes and micro- 
fcopes, fimilar inftruments have been devifed alfo 
for aflifling the faculty of hearing. One of thefe, 
called the fpeaking trumpet, is employed for con- 
veying found to a great di fiance: the other, called 
the ear trumpet, ferves to magnify to the car the 
leaft whifper. 

Sir Thomas Morland, among the moderns, be- 
ftowed the moft labour in endeavouring to improve 
this method of enlarging and conveying found ; and 
on this fubjeft he publifhed a treatife, entitled De 
Tuba Steniorophenica, a name which alludes to the 
voice of Stentor, fo celebrated among the Greeks 
for its great ilrength. The following oblervalio^s 
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on this fubjeft are in part borrowed from that curi- 
ous work. 

The ancients, it would feem, were acquainted 
with the fpeaking trumpet, for we are told that 
Alexander had a horn, by means of which he could 
give orders to his whole army, however numerous. 
Kircher, on the authority of fome paflages in a m?i- 
nufcript, preferved in the Vatican, makes the dia- 
meter of Its greateft aperture to have been feven 
feet and a half. Of its length he fays nothing, 
and only adds, that it could be heard at the diflance 
of 500 ftadia, or about 2^ miles. 

However this may be, the fpeaking trumpet is 
noticing elfe but a long tube, which at one end is 
only large enough to receive the mouth, and which 
goes on increafing in width to the other extremity, 
bending fomewhat outwards, , The aperture at the 
fmall end mull be a little flattened to fit the mouth ; 
and it ought to have two lateral projeftions to cover 
part of the cheeks. 

Sir Thomas Morland favs, that he caufed feveral 

inftruments of this kind to be conftru&ed, of dif- 

, - ' , . ' 

ferent fizes, viz. one of four feet and a half ia 

length, by which the voice could be heard at the 

dlftance of 500 geometrical paces ; another 16 feet 

8 inches, which conveyed found 1800 paces; and 

a third, of 24 feet, which rendered the voice audibia 

at the diftance of 2500 paces. 
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The rcafon of this phenomenon is as follows: 
As the air is an elaftic fluid, fo that every found 
produced in it is tranfmitted fpherically around the 
fonorous body, when a perfon fpeaks at the mouth 
of the trumpet, all the motion which would be com- 
municated to a fpherical mafs of air, of four feet 
radius, for example, is communicated only to a cone, 
the bafc of which is the wider extremity of the 
trumpet. Confequently, if this cone is only the 
hundredth part of the whole fpbere of the fame 
radius, the effeft will be the fame as if the perfon 
fhould fpeak a hundred times^ as loud in the open 
air : the voice muft therefore be heard at a diHance 
a hundred times as great. 

The ear trumpet, an inftrument exceedingly ufe^ 
ful to the deaf, is nearly the reverfe of the fpeaking 
trumpet : it colle6b, in the auditory paflage, all the 
found contained within it ; or it increafes the found 
produced at its extremity, in a ratip which may be 
faid to be as that of the wide end to the narrow end* 
Thus, for example, if the wide end be 6 inches in 
diameter, and the aperture applied to the ear 6 lines, 
which, in furfaces gives the ratio of i to 144, the 
found will be increafed 144 times; or nearly fo; 
for we do not believe that this increafe is exa£lly in 
the inverfe ratio of the furfaces; and it muft be aU 
Iqwedy that in this refpe£l acouftics are not fo far 
advanced as optics. 
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To make a ring hefufptndei by. a thread after it has 

been burnt. 

''^rOTHING is neceflary for this purpofe, but 
•*• ^ to employ a thread which has been foaked in 
a folution of common fait in riyer water. Though 
flame be applied to the thread it will ftili have 
flxength fufficient to fuftain the ring. : 

To make people in -a room have a hideous appearance^ 

DiiToIve fait in an infufion of faffiron in fpirit of 
wine ; then dip fome tow in the folution, and havn 
ing fet fire to it, extinguifh all the other lights la 
the room. 

-To Jorm figures in relief on an egg* 

, Delineate on the (hell any figaret at pleafure with 
«ielte4 tsJloWt or other fat oily fubftance, proof 
againft acids ; then immerfe the egg in flrong vine- 
gar^ and let it remain till the acid has fufficientl/ 
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corroded the part of the (hell not covered with the 
tallow OT oil. 

To change a colour from whiU to bluei 

Diffolve copper filings in a phial of volatile alkali : 
when the phial is unftopped, the liquor will be 
bluifli ; but when flopped, it will be white. 

Tomake a red liquor^ which^ when poured into dij^ 
ferent glajfes^ Jhall become yellow^ hlue^ blacky or 
purple. 

This phenomenon nnay be produced by the fol- 
lowing procefs : Infufe a few fliavings bf logwood 
in common water, and when the liquor is fufficiently 
red, pour it into a bottle. Then take three drink- 
ing glafles, and rinfe one of them with ftrong vine- 
gar; throw into the fecond a fmall quantity of 
pounded alum, which will not be obferved if the 
glafs has been newly wafhed, and leave the third 
Without ^liy preparation. If the red liquor in the 
bottle be poured into the firft glafs, it will aflume 
a ftraw colour, fomewhat fimilar-to that of Madeira 
wine ; if into the fecond, it will pafs gradually from 
bluifli griy to bfack, provided it be ftirred with a 
bit of irdn, fuch as ^ key for example, Which has 
been privately immerfed. in good vinegar. In the 
third glafs, the red liquor will aflume a violet 
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To make pomatum with water and waXy two fuh* 
fiances which do not coinbine together*, 

Put into a n«w glazed earthen pot fix ounces of 
river, water, and two ounces of wax, in which, to 
render the procefs more marvellous, you muft have 
concealed a ftrong dofe of fait qf tartar. If the 
whole be then expofed to a confiderable degree of 
heat, it will affume the confiftence of pomatum, and 
may be ufed for cleanfing the fkin. 

How a body qf a combufiibU nature may be penetrated 
by fire without being confumed. 

Put into an iron bo^ a piece of charcoal, fuf- 
ficient to fill it entirely, and folder on the lid. If 
the box be then ihrown into the fire, it will become 
red, and it may even be left in it' for feveral hours 
or days. When opened, after it has cooled,* the 
charcoal will be found entire, though there can be 
no doubt of its having been penetrated by the matter 
of the fire, as well as the whole metal of the box 
which contains it. 

apparent ' tranf mutation of iron into copper of 

filver. 

Diffolve blue vitriol in water, till the latter is 
nearly faturatcd, and immerfe into the folution 
fmall plates of iron qi cparfe filings of that metal : 
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chefe fmall plates of iron or filings will be attacked 
and ditfolved by the acid of the vitriol, while its 
copper will be precipitated and depofited in the place 
of the iron diifolved. If the bit of iron be too large 
to be entirely diflblved, it will be fo completely co- 
vered with cupreous particles, that it will feem to 
be converted into copper. Tliis is an experin^ent 
commonly fliewn to thofe who vifit copper mines. 
In Savoy I have feen a key become entirely of a 
copper colour, after being immerfed fome minutes 
in water, collected at the bottom of a copper 
mine. 

If you diflblve mercury in marine acid, and im- 
merfe in it a bit of iron ; or if the folution be rubbed 
over the iron, it will aflume a filver colour. Jug- 
glers fometimes exhibit this chemical deceptiom at 
the expence of the credulous and ignorant. 

REMARK. 

In this cafe there is no real tranfmutation, but 
only the appearance of one. The iron is not 
changed into copper: the latter, held ih folution 
by the liquor impregnated with the vitriolic acid, 
is only depofited in the place of the iron with 
which the acid becomes charged, while it aban- 
dons the copper. Every time indeed that a men- 
ftruum, holding any fubftance in folution, is pre- 
fented to another fubftance which it can diflblve 
with more facility, it abandons the former, and 



1 



j 



AMUSEMENT^. 1^39 

becomes charged with the fecond. This is fo 
certain, that when the liquor which has depofited 
the copper is evaporated, it produces cryftals of 
green vitriol ; which, as is well known, are formed 
by the combination of the vitriolic acid with iron. 
This procefs is indeed praftifed, on a large fcale, 
in the mine which I vifited. The liquor in quef- 
tion, which is nothing but a pretty ftrong folution 
of blue vitriol, is put into catks, or large fquare 
refervoirs ; pieces of old iron being then immerfed 
in it, are at the end of fome time converted into 
a fort of fediment, from which copper is extrafted. 
The liquor, thus charged with iron, is evaporated- 
to a certain degree, and wooden rods are immerfed 
in it, which become covered with cryftals of green 

vitriol. " V 

This experiment may be made alfo by diflblving 
copper in the vitriolic acid, and then diluting the 
folution with a little water. This is a new proof 
that the liquor only depofits the copper with which 
it is charged. 

Different fubjlances fncceffively precipitated by add^ 
ing another to the folution* 

In the former experiment we- have feen copper 
precipitated by iron : we fliall now fliew iron itfelf 
precipitated. For this parpofe, throw into a folu- 
tion of iron a fmall bit of zinc, and in proportion 
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as the latter di/Tolves, the iron will fall to the bot- 
tom of the veffel ; it may eafily be known to Be 
iron, becaufe it will be fufceptible of being at- 
trafted by the magnet. , - 

If you wifli to . precipitate the zinc, n Hhing 

* _■■■■ - 

will be neceflaiy but to throw into the folution a 
bit of calcareous ftone, fuch as white marble for 
example, or any other kind of ftone capable of 
making lime : tho vitriolic acid will attack this 
new fubftance, and f offer to be depofited at the 
bottom of the veffel a white powder, which is 
zinc. 

To precipitate the lime or calcareous earth: 
p^ur into the folution liquid volatile ^alkali (fpirit 
of hartfhorn) ; the earth being abandoned . by the 
acid, will depofit itfelf at the bottom of the 
veffel. 

The calcareous earth may be precipitated alfo, 
and much better, by pouring into the liquor a fo- 
lution of fixed alkali, fuch as fixed vegetable al- 
kali ; or by throwing into it fixed mineral al^ 
kali. 

REMARK* 

It is by a fimllar effeft that hard water decom- 
pofes foap, inftead of diffolving it, atid fuffers to 
be depofited a greater or lefs quantity of calcareous 
earth. The manner in which this is done,, is as 
follows : 
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Water, in general, is hard only becaufe it holds 
in Iblution felenite or gypfum (JEi combination of 
vitriolic acid with calcareous earth), which it has 
diflblved in its paffage through the bowels of the 
eaftth, pr which has been formed by the water firft 
becoming impregnated with vitriolic falts, and af- 
terwards in its courfe meeting with, and diflblving, 
a portion of calcareous earth. ^ 

On the other hand, foap is an artificial combi- 
nation of fixed alkali with oil, or with fome other 
greafy fubftance, and which have no great affi- 
nity. 

When foap therefore is diflblved in water im- 
pregnated with felenite, the vitriolic acid of the 
latter having a greater tendency to unite with the 
fixed alkali, flian with the calcareous earth, which 
enters into the compofition of the felenite, aban- 
dons that earth, and combines with the fixed aU 
kali in fuch a manner, that the foap is decompofed ; 
and, as the oil is immiscible with water» it is dif^ 
fufed through it in the form of white flakes, while 
the calcareous earth of the felenite falls to the 
bottom. . 

By the mixture of two tranfparent liquors^ to pro^ 
duce a blackifli liquor : Method jof making good- 
ink. 

Provide a folution of green or ferruginous vi- 
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IfioU and an inhxRon of gall-nuts, or any other 
aftringent vegetable fubftaDce, fuch as oak.leave$» 
well clarified and filtered; if you then pour the 
Vme liquor into the other, the compound will im- 
mediately become oblcure, and at laft black. 

If the liquor be ftifTered to remain at reft, the 
(>]ack matter fufpended in it will fall to the bottomi 
and leave it tranfparent* 

HEMARK* 

This experitnent may ferve to explain the for* 
mation of common ink ; for the ink we ufe is ^ 
nothing but a folution of green vitriol mixed with 
an infufion of galUnuts, and a little gum. Th^ 
blackntfs arifes from the property which the g^ll- 
nuts have of precipitating, of a black or blqe 
colour, the iroi> held in folution by the wjater 
impregnated with vitriolic acid | but as the iron 
would foon fall to the bottom, it is retained by the 
addition of gi^m which gives to thd water fufli* 
cient vifcofity to prevent ^he iron from being pre* 
cipitated. , ^ 

The reader, perhaps, will not be difpleafed to 
find here tht? following recipe for making good 
ink. 

Take one pound of gall-nuts, fix Ounces of gum 
arabic, fix ounces of green C\)peras, and one gallon 
of common water or beer; pound the gall-nuts^ 
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txid' kxf ide them in a gentle heat for twenty-four 
hours, without bringing the mixture to ebullition i^ 
then add the gum in powder. When the gum is 
diifolved^ put In the green vitrioL And if you 
then ftrain the mixture^ you will obtain very 
fine ink. 
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To produce ir^dLmmablt and falmifiaiing vap&urik 

Put into a moderately fized bottle, with a fliort 
wide nfeck, three ounces of oil or fpirit of vitriol^ 
with twelve ounces of common water, and throW 
into it, at different times^ an ounce or two of iron 
filings. A violent effervefcence will then take 
place, and white vapours will arife from the mix* 
ture. If a taper be prefented to the mouth of the 
bottle, thefe vapours will inflame and produce a 
violent detonation, which may be repeated feveral 
limes, as long as the liquor continues to furniflf 
£ milar vapours^ 

The philofopkical cdndU. 

Provide a bladder, into the orifice of which 19 
inferted a metal tube^ fome inches in length) that 
can be adapted to the neck of a bottle^ cbntairiirig 
the fame mixture as that ufed in the preceding ex- 
perimenti 

Having then fulfered th^ atittolipherit air to bt^ 
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expelled from the bottle, by the elallic vapour 
produced by the folution, apply to the mouth of it 
the orifice of the bladder, after carefully expref- 
fing from it the common air.* The bladder by 
thefe means will become filled with the inflam- 
mable air ; which if you force out againft the 
flame of a taper, by preffing the fides of the bladw 
der, will form a jet of beautiful green flame.--— 
This is what chemifts call a philofophical candle. 

• 

 
To make an artificial volcano. 

For this curious experiment, which enables us to 
mifign a very probable caufe for volcanoes, we are 
indejbted to Lemery* 

Mix equal parts of pounded fulphur and iron 
filings, and having formed tlie whole into a pafte 
with water, bury a certain quantity of it, forty or 
fifty pounds ' for example, at about the depth of a 
foot below the furface of the earth. In ten or 
twelve hours after, if the weather be warm, the 
earth will fwell up and burft, and flames will ifliie 
out, which will enlarge the aperture, fcattering 
around a yellow and blackifli dufi. 

It is not impoflTible that what is here feen in 
miniature, takes place on a grand fcale in volca. 

ft 
* Great care must be taken not to omit this precaution ; 

for a mixture of inflammable an4 atmospheric air v^ill ex- 
plode with' violence, instead of burning. T« 
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noes ; as it is weir known that they always furnifh 
abundance of fulphur, and that the matters they 
throw up abound in metallic and probably 'ferru- 
ginous particles; for iron is the only metal which 
has the property of producing an effervefcencc 
with fulphur, when they are mixed together. 
 But it may eafily be conceived, from the effeft 
of a fmall quantity, of the above mixture, what 
thoufands or millions of pounds of it would pro- 
duce : there is no doubt that the refult would be 
phenomena as terrible as thofe of earthquakes, and 
of thofe volcanic eruptions with which they are 
generally accompanied. 

s 

To make fulminating powder. 

Mix together three parts of nitre, two of well- 
dried fixed alkali, and one of fulphur : if a little 
of this mixture be put into an iron fpoon, over 
a gentle fire, capable however of melting the ful- 
phur ; when it 'acquires a certain degree of heat, 
it will detonate ^with a loud noife, like the report of 
a fmall cannon. 

This would not be the cafe if the mixture were 
cxpofed to a heat too violent : the parts only moft 
expofed to the fire would detonate, and by thefe 
means the effe6l would be greatly leflened. 

If thrown on the fire, it would not detonatCt 
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and would pmduce no other effe£l than pure iii« 
Ire, which indeed deConites« but without any ex«» 
plofion. 

7p form a comHnaiion ttrhtch token cold^ is liquid 
and iran/par^ntt hut token warm becomes hhick 
and opake* 

put eqiiJal quantities of fixed alkali, euher mi- 
neral or vegetable, and of well-pulverifed quick 
Hmc, into a fufficient quantity of water, and ex- 
pofe it to ftrong and fpeedy ebullition; then filtre 
the produft, which at fir ft will pafs through with 
difficuhy, but afterwards with more eafe, and pre- 
ferve it in a bottle well flopped. This liquor, 
when made to boil, either in the bottle or in any 
other veflel, will become turbid, and affume the 
confiftence of very thick glue ; but, when cold, it 
will recover its fluidity ana ttranfparency. 

To make a fiajh, like that of lightning, appear in a 
room^ when any one enters it 'with a lighted 
candle. 

j;)ifrolve camphor in fpirit of wine, and depofit 
the veCfel -containing the folution in a very clofe 
room, where the fpirit of wine muft' be made to 
evaporate! by fpeedy and ftrong ebullition. If any 
pne then ent^s the room with a lighted candle, the 
air will inflame, while ibc combuftion will be fo 
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fttdden, and of fo fliort a djuratiori, as to occafion no 
danger., 

It is not improbable that the fame ^Se&. might b^ 
produced, by filling the air of an apartment with 
the duft of the feed of a certain kind of lycoperdoo^ 
whieh is inflammable. 

iy[ Sympathetic Inks^ ,and fome tricks which may bt 
performed by means of them. 

Sympathetic inks are certain liquors, which aIone» 
and in their natural (late, are colourlefs ; butwhicti, 
by being mixed with each other, of by fome parti* 
cular circumftance, affume a certain colour. 

Chemiftry prefents us with a great many liquors 
of this kind, the moft corious. of which we ihall 
here defcribe. 

xft. If you write with a folution of green vitrior, 
to which a little acid has been added, the writing' 
will be perfeflly colourlefs and invifible. To ren- 
jder it vifible, nothing will be neceflary bift to ixxk^ 
merfethe paper in an infufion of gall-nuts inwater, 
or to draw a fponge moifiened with the infufion 
over it. ^ 

2d« If you are defirous of having, an ink that 
ihall become blue; you muft write with an acid 
iblution of green vitrioU and moiften the writing 
with a liquor prepared i« the following manoer : 
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Make four ounces of tartar, mixed witk the fame 
quantity of nitre, to detonate on charcoal ; then ]^ut 
this alkali into a crucible with four ounces of dried 
ox blood, and cover the crucible with a lid, having 
in it only, one fmall aperture ; calcine the mixture 
over a moderate fire, till no more fmoke iffues from 
it ; and then bring the whole to a moderate red heat ; 
take the matter from the crucible, and immerfe it, 
while ftill red, in two quarts of water, where it will 
diflblve by ebullition; and when the liquor has 
been reduced to one half, it will be ready for ufe. 
Jf you then moiften with it. the- writing, above 
mentioned, . it will immediately affume a beautiful 
blue colour. In this operation, inilead of black 
ink, there is formed Pruffiani)lue. 

3d. If you diflblve bifmuth in nitrous acid, aud 
write with the folution, the letters will bje invifible. 
To make them appear, you muft employ the fol- 
lowing liquor : 

Boil a ilrong folution of fixed alkali with ful- 
phur reduced to very fine powder, until it diflblves 
^s much of it as it can : the refult will be a liquor 
which exhales .vapours of a very difagreeable odour, 
and to which, if the above writing be exposed, it 
will become black. 

.4th. Of all the diflPerent kinds of fympathecic 
ink, the mo ft curious is that made with cobalt. It 
is a very fngular phenomenon, that the chara£lers 
cr figures, traced out wiJb this ink, may be made 
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to dlfappear and re-appear at. pleafure : this pro« 
perty is peculiar to ink made with cobalt ; for all 
the oth^r kinds are at firfl; invifible, untilfonie fub- 
ftance has been applied to make them appear : 
when they have once appeared, they remain. 

To prepare this ink, take zaffer, and. diflbfve il 
in aqua regia(nitro- muriatic acid) till the acid ex- 
trafts from it every thing it can ; that is to fay, the 
metallic part or the cobalt, which communicates to 
the zaffer it^ blue colour ; then dilute the foiution, 
which is very acrid, with common water. If you 
write with this liquor on paper, the charafters will 
be invifible ; but when expofed to a fufHcient de- 
gree of iieat they will become green. When the 
paper has cooled, they will difappear. 

It muft however be obferved, that if the paper 
be heated too rnuch^ they will not difappear at all. 

REMARK. 

With thfs kind of ink, fome very ingenious and 
amufmg tricks, fuchasthe following, maybe per* 
formed. 

ifi. To make a drawings which JkoM alternately rt^ 
pre/ent zointtr and fummer. 

Draw a landfcape, and delineate the ground, and 
the trunks and branches of the trees, with the ufual 
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colours employed for that purpofe, but the grafs ?nd 
leavei of the tree« with the liquor above men- 
tioned* By thefe means you will have a drawings 
which, at the common temperature of the atmo« 
fphere, will reprcfent a winter-piece ; but ^f it be 
e^ppfed to a proper degree of heat, not too ftrong, 
you will fee the ground become covered with ver-. 
dure, and the trees with kaves, fo as to prefent a 
view in fummer. 

Screens painted in this manner were formerly 
made at Pari«. Thofe to whom they were pre- 
ijsnted, if unacquainted with the artifice, were af- 
tonifhed to find, when they made ufe of them, that, 
the views they exhibited were totally changed, 

2d. The magic or add 

Write on feveral (heets of paper, with common 
Jnk, a certain number of queftions, and below 
<ach queftion write the anfwer with the above 
kind of.fympathetic ink. The fame que ft ion muft. 
be written K>n feveral piepes of paper, but with 
different anfwers, chat the artifice may be better 
concealed. 

Then provide a box, to which you may give 
the name of the Sybil's cave, or any other at 
plealiire, and containing in the lid a pjate of iron 
naade very hot, in order that theiniide of it may 
be heated to a certain decree. 



^J'V^* 



_ </ 



'■'i-r 



AMUS£M£,NTS.. fi^I 

Having fdcfted fome of the queftion$, take the 
. bits of paper containing them, and tell the company 
that you are going to fend them to the Sybil, or 
Oraclei to obtain an anfwer ; introduce them into 
the heated box, and when they bave remained ink 
^ome minutes, take them out, and (hew the anlwers 
which have been written. 
' You 'muil however foon lay afide the bits of ps- 
per; for if they remain long in the hands of thofe 
to whom the trick is exhibited, they would fee the 
anfwers gradually difappear, as the paper becomes 
cold. 

Of Metallic Vegetations. 

To fee a kind of (hrub rife up in a bottle, M$: 
even throw out branches, and fometimes a kind of 
fruit, is one of the moft curious fpeftacles exhi- 
bited by chemiftry. The operation by which this 
delufive image is produced, has been called che- 
mical or metallic vegetation, becaufe. performed by 
means of metallic fubftances ; and it is not impro- 
bable that fome refpeftable perfons, who thought 
they faW a real palingenefy, have been deceived by 
a fimilar artifice. However this may be, the fol- 
lowing afe the moft curious of thtfe vegeta- 
tions, which in fa^ are only a fort of cryftal- 
lizationSf 
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Jrhr Mdrtist or Tree of Mars, 

DiiToIve iron filings injpirit of nitre (aqua fortis) 
moderate!)!^ concentrated, till the acid is faturated ; 
then pour gradually into the folution a folution* di 
fixed alkali, commonly called oil of tartar per de« 
liquium. A ftrong effervefcence will take p\ace» 
and the iron, inftead of falling to the bottom of thei 
veffel, will afterwards rife, fo as to cover its fides, 
forming a multitude of ramifications heaped one 
upon the other, which will fometime& pafs over the 
edge of the veffel, and extend .themfelves on the 
outfide, with all the appearance of a plant. If any 
of the liquor is fpik, it rauft be carefully coUefted, 
and -be again put into the veffel, where it will form 
new ramifications, which will contribute to incjeafe 
the mafs of the vegetation* 

Arbor Diana, or Tree of Diana^ 

This kind of vegetation is called the Tree of 
Diana, becaufe it is formed Ky means of fiiver,. as 
the former is called the Tree of Mars becaufe pro- 
duced by iron. 

Mix together two parts of very pure mercury, 
and four'of fine fiiver, in filings or fcales, by means 
of trituration with an ivoiy peftle in a porphyry 
mortar ; then diflblve this amalgam in four ounces 
of very pure fpirit^of nitre, moderately firong, and 
dilute the folution witb about a pound and a half oi 
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diftillcd*watcr;'lhake the mixture, and preferve if; 
in a bottle well flopped. Pour an ounce of this 
liquor into a.glafs, and throw into it a fmalj bk» 
about the fize of a pea, of an amalgam of mercury 
and filver, fixnilar to the former, an \ oF the con- 
fiftence of butter. Sbon after you will fee riling 
^from the balFpf amalgam a multitude of fmall fil». 
mcnts, which will vifibly increafe in fize, and, 
throwing out branches, will form a fort of fluubs* 

Non-metallic Vegetation^ 

Caufeto decrepitate, on burning charcoal, eight 
ounces of faltpetre, and place it in a cellar, in or« 
der that it may produce oil of tartar per deli* 
quium, then gradually pour over it,, to complete 
faturat^on, good fpii'it of vitriol, and evaporate all 
the moifture. The refult will be a white, compa£l, 
and very acrid faline matter. Put this n^atter inta 
an earthen difli, and having poured over it a gallon 
of cold water, leave it expufed to the open aic» 
At the end of fome days the water will evaporate^ 
and there will be formed all around the veifel ra« 
mifications in the form of needles, varioufly inters 
woven with each other, and about 15 lines in length* 
When the water is entirely evaporated, if more be. 
added, the vegetation will continue. 

It may be readily feen that this, is nothing but 
•the mere cryftaIIiz4ion of a neutral fait, formed by 
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the vitriolic acid and the alkali of the nitre em- 
ployed, that is to fay, vitriolated tartar. 

To produce heat^ and even Jlame^ by means of two 

told liquors. 

Put oil of guaiacam into a bafon, and provide 
fome fpirit of nitre, fo much concentrated, that a 
/mall bottle, capable of holding an ounce of water, 
may contain nearly an ounce and a half of this 
acid. Mnke fail the bottle, containing the acid, 
to the end of a long ftick \ and, after taking this 
precaution, pour about two thirds of the^ acid into 
the oil in the bafon ; the refult will be a ftrong 
cflFervefcencc, which will be followed by a very, 
large flam^. If an inflammation does not take place 
in the courfe of a few feconds, you have nothing 
to do but to pour the remainder of the nitrpus acid 
over the blacked part of the oil : a flame will then 
certainly be produced ; and there will remain, after 
the conabuftion, a very large fpongy kind of char- 
coal. • 

Oil of turpentine, oil of feiffafras, and every 
other kind of effential oil, may be made to inflame 
in th^ like mariner. 

The fame phenomenon may be produced with 
fat oils, fuch as olive oil, nut oil, and others ex- 
tracted by expreffion, if an acid, formed by equal 
parts of the Vitriolic and nitrous acids^ well coiK 
eentratedi be poured into tbem^ ' 
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To fufe iron in a moment^ and make ii run into 

drops. 

Bring a bar of iron to a white heat, and then ap« 
ply to it a roll of fulphur : the iron will be imme- 
diately fufed and run down in drops. It will* b6 
mo ft convenient to perform this experiment over a 
bafon of water, in which the drops that fall dowft 
will be quenched. On examination, they will b^ 
feimd reduced into a kind of cafi iron. 
' This prpcefs is employed for making (hot ufed 
in hunting : as the drops, by falling in the water» 
naturally aflume a round form. 

Cement for mending broken China. 

Calcine oyfter fliells, and having pounded them, 
lift them through a (ilk fieve, and grind them on 
porphyry, till they are reduced to an impalpat)le 
powder. Then take the whites of feveral eggs, 
according to the quantity of the powder to be ufed, 
and form them with the powder into a kind of pafte 
or glue : with this pafte^ join the fragments of th6 
porcelain, and prefs them together for the fpace of 
feven or eight minutes. No longer time is necef- 
fary to dry this mafiic, which will ftand both heat 
and water, and which will never give way, even if 
the article, by any accident, ihould have a fall. 
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Pf (Kefs far wkiumng Printf, 

Pafte a piece of paper to a very fmooth table^ 
that the boiling water ufe'd in the operation may not 
acquire a colour, which might leffen iu fuccefs. 
When this precaution has been taken, fpread out 
the print on the table, and fpriiiUe it with boiling 
water, taking care to moifien it equally throughout, 
by means of a fine fponge* After this procefs with 
boiling water has been repeated three or four times> 
you will obfcrve the ftains or fpots extend them- 
felves ; but this need excite no uneafinefs, as it is 
only a proof that the dirt imbibed by the paper be^ 
gins to be diflblved. 

After this preparation, the prints muft be put 
into a copper or wooden veffel, of fuch a fize a» 
to admit of their being freely firetched out in it ; 
they are then to be covered with a boiling lye of 
pot-afh, and care muil be taken to keep it hot as 
long as poffible. After the whole has cooled, take 
out the prints with care ; fpread them on ftretched 
cords, and when half dry prefs them between leaves 
of paper, in order that they may not contrail 
wrinkles. 

By this procefs, fpots and ftains of every kind 
may be removed. 

Method ofiafting paintings from the old canvass i 
and transferring them t& new^ 
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Take the painting from its frame, and tack it 
iown on a very fmooth table, with the face up- 
wards, and in fuch a» manner that it may be well 
ftretched, and free from wrinkles ; then cover it 
with a flratum of ftrohg glue, and lay over it fome 
(heets ot large white paper of the ftrongeft kind 
you can procure. When the whole has dried, draw 
the tacks, and having inverted the painting, that is, 
turned tlv2 back uppermoft, without fixing it, dip a 

, fponge in tepid water, and gradually moiften the 
canvass, trying it from time to time at the edges, 
to fee whether it begins to detach itfelf from the 
painting. When you find it fufficiently loofe, de- 
tach it carefully along one of the edges, and fold 
back the part fo detached : if you then roll it with 
both hands, the whole canvass may by thefe means 
be removed. When this is done, wafh well the 
back of the painting \^ith aTponge dipped in water, 
until all the old fize has been nearly removed ; then 

. cover the back of the painting with a new ftratum 
of fize, or the -ufual priming applied to new canvass, 
intended for piftures, and imihediately fpread over 
it a piece of new canvass, which muft be fomewbat 
larger than the painting, in order that it may be 
properly ftretched and nailed down at the edges. 
In the laft place, do dver the canvafs, portion by 
portion, with a ftratum of glue, taking care ta 
fpread it with a painter's muller, fo that it may p6fs 
through the pores of the cloth tQ the padntii^* 
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When the painting i$ ^ry, remove it from the,^^*- 
ble, and put it into its frame, after which you muft 
thoroughly moiften the paper with a fponge dipped 
in warm water, that it may be taken off without 
leaving any traces behind it, and to wafli out any 
fiains that may ftill remain on the painting. Con- 
clude the procefs by rubbing over the painting with 
pure nut oil, and when dry with the white of an 
egg properly beat up. 

To Jill a glafs zoitk water infuch a manner^ that a 
ptrfon JhaU not he able to remove it without JpiU 
ling it all. 

Lay a bet with any one that. you wiH^fill a glafs 
with water, and place it on a table in fuch a manner, 
that it cannot be removed without fgilling the whole 
wateMt contains. Then fill a glafs with water, and 
placing over it a bit of paper, fo ' as to cover the 
water and the edge of the glafs ; clap, the palm of 
yocfr hand on the paper, and laying hold of the 
glafai with the other, fuddenly invert it on a very 
fmooth table. If you then gently draw out the 
})aper, the water will remain fufpended in the glafs, 
and it will not be poffible to remove it without fpiU 

ling the water entirely* 

 

To canftruS two figures^ one of which JhaU blow 
>tnit a candlOt Md the other immediately light it 
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Prepare two figures of any materials; whatever, 
and infert into the mouth of each a tube' of the fize 
of a fmall quill. Pift into one of thefe tubes a 
fmall .piece of phofphorus, and into 'the other a 
few grains of gun-powder, taking care that each 
may be retained in the tube by a bit of paper. If 
. the fecond figure be applied to the flame of a taper, . 
it will extinguiih it, and the firft applied will light 
it again. 

The fame kind of phofph^rus may be employed, 
on the point of a knife, to light a candle which has. 
been newly extinguifhed. 

Japan VqfeSn 

The Japande have, the art of making a kind of 
vafes with the (havings of paper, or with faw-duft, 
which when covered with varniQi are^ capable of 
conUiining hot or cold liquors. Thefe vafes, which 
are exceedingly ijieat and light, are orn«nented vfk 
an agreeable manner with flowers, birds aad^aoL 
mals, and with gilt J^orders, 

This preparation is Called papier ma€he\ and i« 
made of the (havings of white or brown paper, 
boiled in water, arfd beat in a mortar till they are 
feduced to a kind of pafte. This pafte is after- 
wards boiled with a folution of gum arable, to give 
it tenacity, and by being preffed into moulds, tvb" 
bed over with oil, it may be foim^ ioto toyt of 
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various kinds ; which when dry are done over with 
a mixture of glue and lamp-black, and then var- 
niihed. 

TTie black varnifli ufed for thefe toys, is prepared 
in the following manner : 

DilFolve in a glazed earthen pot, a little colo* 
phonium, or boiled turpentine, till it becomes black 
and friable, and gradually throw into the mixture 
three times as much amber finely pulverifed ; 'Add- 
ing from time to time a little fpirit or oil of tur- 
pentine. When the amber is diflblved, befprinkle 
the mixture with the fame quantity of farcocoUa 
gum, continually ftirring the whole, and add fpirit 
of wine till the compofition becomes fluid : then 
ftrain it through a piece of hair-clotli, prefling it 
between two boards. This varnifli, when mixed 
with ivory black, is applied in a warm place on 
the dried pafte of the paper fliavings ; the articles 
are then put into a hot flove ; next day they are re- 
moved into a hotter flove ; and the third into one 
ftill hotter : each time they are left till the ftove has 
cooled. The pafte, when thus, varniflied, is hard, 
brilliant, and durable, and capable of containing 
liquors eithef hot or cold. 

To confiruS a veJftU from which water Jhall efcapt 
, tjirough the bottom^ as Joon as its mouth^is Un» 
Jloppedn 

. * Amoqg the number of the amufing tricks founds 
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ed on philofophicai principles, we may clafs the 
following : Provide a veffel of tin plate, two or 
three inches in diameter, and five or fix inches in 
height, having a mouth about three lines in width 
and in the bottom feveral fmall holes, of fuch a 
fize as to admit a fmall needle. Immeffe this vefTel 
in water, with its mouth open, and when full flop 
it very clofely. If you are defirous of playing a 
trick to any perfon, give him this veffel, and defire 
him to unftop it ; if he does fo, placing it on his 
knees, the water will efcape through the holes in the 
bottom, fo that he will foon be all over wet. 

Tranfparencies. 

Thofe tranfparencies exhibited on the ftage, and 
during public feftivals, which are illuminated by a 
light placed behind them, are prepared in the fol- 
lowing manner. A piece of firong linen or filk, 
ftretched on a wooden frame, is done over with a 
folution of wax in oil of turpentine, and during 
the operation a chaffing di(h is placed below it, that 
the liquid may be every where equally diffufed« 
Any figures at pleafure are then delineated on the 
cloth with oil colours, mixed up with fpirit of tur- 
pentine. ' 

Moveable tranfparencies, exceedingly amufing, 
may be formed in the following manner. Affix the 
tranfparency to a very light circular frame, fup- 
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jotted by stn akis on which it caii fipeely turn. The 
upper end of the cylinder moil be clofed by a cir* 
cular piece of tin-plate, cut iiHo inclined planefi^ 
like the ventilators conftru£led in Windows to pre* 
vent fmoke: if a lamp be then placed within the 
cylinder, it will illuminate the traitfparency» and 
at the fame time tnake it turn round by the m«uia 
(tf the current of air which falls on the tin-plate* 
The figures exhibited by this tranfparency may be 
Vasied a thoufand ways^ accordiilg to the tafte of 
the artiflf: they inay be made to reptcfent ferpents^ 
twifting around a column^ &c« 

It is by the fame mechanifm thsit a fpiral piece 
of card or paper, placed on a ftove, turns round of 
itfelf, and ferves as a therrtiomcter to regulate the 
teat* . / . ' 

Method (fjixing Crayons. 

Crayoil painting is fup^ior to oil paintitig \% 
brightnefs^ frdhnefs; fpJendor of Colourings and 
fidelity of lirkenefs. It is attended with this ad^ 
Vantage alfo, that it is not fubjeft to that refleftion 
of light which prevents the beauty of a painting 
from being feen except from a certain point of view* 
On account of thefe. Valuable qualities^ it would 
certainly have been preferred to oil painting, had 
' It been equally durable ; but 'it haft this inconveni- 
ence, that it is liable to be deftroyed by the leaft 
fri&ioiu ' At the. end -of a few years mafter-piecflfi « 
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"'' of this kind peiifli« bccaufe the powder of the 
crayons detachcs^ itfelf» or becomes mouldy, efpe^ 
cially if great care be not takep to preferve thcfe 
paintings from moifture, and from the heat of' the 
fen. The following liquor however has been em- 
ployed with fuccefs for fixing cra^om : it is not 
expenfive, and nothing is ](ie(;eflary but to immerfe 
the painting in it for a few moments* 

To prepare this liquor^ diflblve Roman alum pul* 
verifed, in two glafs-fulls of very pure water, anA 
when the Water is faturated« decant it from oflF the 
alum, whicfi may have remained undiffolved at the 
bottom of the veffel* This 'obfervation is of great 
importance; for if the alum which has not been 
diflblved were left in the liquor, by becoming dry 
it might tarnifh the paintings and produce whiiilh 
fpots in thofe places where the liquor accumulates 
itfelf in draining otf* Into this water, well im* 
pregnated with alum^ put a fmall quantity of very 
tranfparent and pure fifli glue* leaving it to diffolve 
for twenty-four hours ^ and then boil the whole* 
that the glue may be diflblved completely* The 
liquor muft afterwards be ftrained* through a piece 
of linen, to free it from any impurities it may con* 
tain# In the laft place^ pour the water^' thus im-» 
pregnated with alum and glue, into a bottle coni 
taining three pints of brahdy not coloured, and 
mixed witli a large glafs-full of fpirit of winei 
A greater or lef» quantity of this liquor may be 
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made according to the fize of the.paintings to be 
fixed, provided care be taken to incrcafe.the ingre- 
dients in the proper proportions ; it is however to 
be obferved, that it muft not be ufed when too old, 
as in that cafe it would weaken the fplendor of 
the painting. 

Put the liquor, thus prepared, into a veffel of 
lead, or of any other fubflance, fo large that the 
painting may be immerfed an it, and heat it in a 
balneum marise,. taking care that the fi(h-glue be 
well diflblve'd ; for before the liquor is heated, ef- 
pecially if the weather be cold, it will depolit itfelf 
at the bottom. Place in each corner of the bafon 
a bit of lead, in fuch a manner, that the liquor 
may rile over it no more than a line at moft, and 
then lay hold of the painting, keeping it in an ho- 
rizontal pofition, and immerfe it gently into the 
liquor. The pieces of lead, placed in the veffel, 
will prevent it from finking too deep. The time 
employed in immerfing and taking out the painting, 
ought not to exceed a fecond. 

The painting muft be taken out horizontally, and 
be depofited in the fame pofition in fome place 
where it can reft on its two borders, which it will 
do if fupported by two chairs. If the above pro- 
cefs be properly followed, it will be found that all 
the tints have retained their original freflinefs and 
primitive colour. Crayons fixed in this manner 
will bear even to be covered with a varniih, which 



may fupply the place of glafs. To lay oii this var« 
liifli, the following method is to be employed. 

When the painting is fixed and dry, apply over 
it, with a foft brufh, a ftratum or two of melted 1 

fi/h-glue, mixed with about a third of fpirit of wine, 
and fufficiently ftrong that when cold it may form ^ 
a fort of jelly. Wh^n this preparation is dry, ap* 
ply that varnifli ufed* for varnifliing prints, which 
will produce the fame tfft& as on paintings in dif- 
temper. 

Crayon paintings fixed in the above mariher ard 
attended with this advantage that they may be re- 
touched ; for the traydns will make an impreflion 
as before t fome ftrengthening touches may even be 
added with colours ih diftemper. This method em« 
ployed for crayons, may be ufed alfo for fixing 
chalk drawings* 

A piece ofjmoney being put into a hafon^ hozo to 
 make two pieces appear^ owe of which Jhall be, 
tnuch larger than the other. 

Fill a glafs goblet with pure water, and put into 
it a piece of money, fuch for example as a fliil^ 
ling ; then dover the goblet with a plate, and lay* 
ing your hand upon the latter, invert the wholo 
fpeedily, fo that the air not having time to eftter^ 
the water may not be able to efcapei , 
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If you look at the piece of money, which xvill 
then be on the plate, it will appear of the die 6f 
a half- crown, and it will he feen aHb of its real fize 
a little above the former image, which will make 
thofe unacquainted with the fingular effcfts of re* 
jfraflion to believe, that there are really below the 
goblet a half-crown and a {hilling. When the 
goblet is removed, the illufioa will ceafe. 

To make a phantom appear on a ptdeflal placed on a 

tabUi 

I Every 1)ody is acquainted with the magic lantern^ 
hy means of which, grotefque figures, paimed oa 
glafs, are made to appear On a wall or a whit^ {heet« 
The illufion produced by this machine, may be va- 
ried by caufing the images to be refie3ed on a co« 
lumnof fnioke, which will exhibit them Very dif^ 
tinftly^ 

By thefe tiieans a phantofn may be - made to ap* 
pear fuddenly, and at pleafure, above a kind of 
pedeftal fofficiently large to contain a magic lantern 
towards itsJiottoliJ/ and a ch«ffing.di(h towards the 
top, oppofiie to a round aperture made for thfe 
purpofc of a.ffordin'g a paffage to a current of fmokc* 
The image of the fpetlre, hy means cf a mirror 
Q^aced at the. prober angle, will be reflc^lcd on th^ 
current of fmoke^ which will reprefcnt it to tblf 
'ipeflatorsij ^ 







The figufc of the fpeftre on the lahtem-glafs 
muft be painted fliort, becauFe the image on the 
curfent of fmoke, being projefted obliquely, would 
affume too lengthened a £orm> which would alter 
Its proportion i 

This exhibition will excite great aftoniflinient» 
becaufe the fpeftators, being unacquainted whh the 
caufe, will be at a lofs to account for the fudden 
apparition of the fpeftre, the head of which will 
firft appear; and which will feem to rife through 
the fmoke^ and to difappear by finking down into 
the pedeftal. To produce this efFefl:, nothing will 
. be neceflary biit to pull gently, or to let go, the 
firings when the fmoke lias been fufficiently illumi* 
nated by the mlgic lantern. 

During this exhibition there tttust be no lights in 
the room, and the pedeftal muft be placed fo high| 
that the fpeftators cannot fee into the inside of it. 
The aperture through which the cone of light iflueS) 
tnay be kept covered till the moment when the-fpec* 
tre is aboRt to appear. This experimetlt tnay be 
J)erformed on a large fcale, iso that the phantom fliall 
appear of the fize of a maii* 

An objtB bdng placed behind a cantjeid glafs^ id makt 

it appear before it. 

Provide any objeft, fuch for example dis a finalt 
mow of white wood,' an inch and a half in lengthy 
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and tie it perpendicularly to a piece of black card, 
which muft be fufpended from a wall, at about the 
height of the eye. Throw a ftrong light on the 
card, and place before it a lenticular glafs, two or 
three inches in diameter, in fuch a manner, that it 
may be distant from the arrow about twice the 
length of its focus. If you then make a perfon 
iland at a proper di fiance, oppofite to the glafs, the 
arrow will appear to him to be fufpended in the air 
before the glafs. 

It is evident that this fingular effefl: of dioptrics, 
with tafte and a little ingenuity, may be applied to 
a variety of other amufcments, which it is needless 
here to detail. 

The Chinef^ Shadows. Ombres Chinoi/eS4 

Make an aperture, in a partition wall, of any fize, 
for example four feet in length and two in breadth, 
fo that the lower ^dge may be about five feet from 
the floor, and cover it with white Italian gauze, 
varnifhed with gum copal. Provide feveral frames 
of the fanie fize as the aperture, covered with the 
fame kind of gauze, and delineate upon the gauze 
different figures, fuch as landfcapes and buildings, 
analogous to the fcenes which you intend to exhibit" 
by means * of fmali figures reprefenting men and 
animals* 

These figures are formed of pafteboard, and their 
different parts are made moveable according 4;o the 
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cffeft intended to be produced by their fliadows, 
when moved backwards and forwards behind the 
frames, and at a fmall diftance from them. To 
make them aft with more facility, fmall wires fixed 
to their moveable parts, are bent backwards, and 
made to terminate in rings, through which the 
fingers of the right hand are put, while the figure 
is fupported by the left, by means of another iron 
wire : in this manner they may be made to advance 
or recede, and to gcftlculate, without the fpeftators 
obferving the mechanifm by which they are moved ; 
and as the fhadow of ihefe figures is not obferved* 
on the paintings till they are oppofite thofe parts 
which are not ftrongly (haded, they may thus be con- 
cealed, and made to appear at the proper moments, 
and others may be occafionally fubftituted in their 
Head. 

It is ncceflary, when the figures are made to aft, 
to keep up a fort of dialogue, fuited to their gefturesi 
and even to imitate the noise occafioned by different 
circumftances : The paintings muft be illuminated 
from behind, by means of a reverberating lamp, 
placed oppofite to the centre of the painting, and 
difiant from it about four or five feet. , ' 

Various amufing fcenes may be reprefented in 
this manner, by employing fmall figures of men and 
aninaals, and making them move in as natural a way 
as poffible, which will depend on the addrefs and 
pia6iice of the perfon who exhibits them. 
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To direQ a /warm of ^ees at pleqfurei 

It is well known tliat the femak bee is the queen 
of the hive, and that the fate jof -the whole fwarm 
depends, in fome meafure, upon her alone. The 
dillinguiihing chara£lers of this mother bee are, that 
flie has very Ihort wings : it is difficult for her to 
fly, and therefore flie feldom goes abroad; except 
when fhe quits the hive to form a new colony. Oa 
that occafion, the bees, like faithful fubjefts, follow 
her to whatever place flie may have chofen, and for 
this reafon, if a perfon, can get poffeflion of the 
queen bee, he is fure of being able to dire£l the 
fwarm at his pleafure. In that cafe, nothing is 
neceffary but to confine her by means of a hair, or 
a very fine thread of filk, made gently faft around 
her corflet ; the bees, attentive to all her aftions, 
will furround her, go backwards and forwards, flop 
and feem obedient to the will of him who com- 
mands the mother bee, by merely following th^ 
xpovements of their queen. 

This was the charm, or rather the fecret, by whicb 
Mr. Wildman, who had ftudied the inftinft of bees, 
and whio thus took advantage of their attachment 
for their queen, was able to make a fwdrm pafs from 
one hive to an ::ther at pleafure. Having full confi* 
dence in the fuccefs of his experiments, he pre- 
feiUed himfelf one day to the Society of arts, with 
three fwariijs of bees which be brought along with 
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liim, partly on his face and (boulders, and partly in 
his pockets* He placed the hives to which thesse 
fwarms beloiiiged in an outer apartment, and on 
blowing a whiftle they all immediately quitted him, 
and returned to their hives ; hut on blowing hi& 
whiftle a fecond time, they returned to occupy their 
former pbce on the perfon, and in the pockets of 
their mafter. This exercjfe vas repeated fever^l 
tirn^s, to the grepit ^ftoriiftm^nt of the fociety, 
without any of the fpeftator$ being injured. 

Thefe aftonifhing experiments, the. fecret caufe 
of which we have explained, wexe repeated fome 
years.ago, with equal fuccefs, befpre .the Academy 
©&Sqi€^4es: fttrP^ws^i.by iMc: Wildta^h, who. ex- 
pIsMned <o. the Fi^npii Apadesaicians the theory amt 
pra&ice of his wonderful art. 

jf powder which inflames when expofed to the air^ 

Put three Ounces of rock alum and one ounce oi 
honey, or fugar, into, a new, glazed earthen di(h, 
capable of ftanding a ftrong heat, and keep the 
xaixture over the fire, ftirring it continually, till it- 
become very dry and hard : then remove it from 
the fire, and pound it until it affume the form o£ a 
coai'i^ powder. - . . 

' Put thi^ poW^er into a fmall raatrafe, or longu 
necked bottle, leaving part of the veffel eropty^ anJ 
having placed it in a crucible, fiH up the crucible 
With fine fend, and furround it with burning coals* 
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V ^ When the matrafs has been kept at a reel heat for 
about fcvcn or eight minutes, and no more vapour 
iffues from it, remove it from the fire ; then flop 
k with a piece of cork ; and, having fuffered it to 
cool, prefcrve the mixture in fmall bottles well 
cfefed. 

If you uncork one of thefe bottles, and let fall 
on a bit of paper, or any other Very dry fubftance, 
a few grains of this powder, it will firfl become 
^ blui{h, then brown, and will be speedily converted 

into an ardent body, fo as to burn the paper or any 
other combuflible fubilance on which it may have 
been expofed. 

When a few grains of this powder catch fire, on 
being thus expofed to the air, they emit a light 
flame, which refembles that of common fulphur 
when it begins to ourn ; and they exhale, at the 
fame time, an odour limilar to that produced by the 
fimoke of fulphur. 

Fulminating Gold. 

Put Into a fmall matrafs, refting on a little fand, 

^ one ps^rt of fine; gold^filings and three parts of aqua« 

j:^gia (nitro-muriatic acidj, ^ When the filings are i^ 

completely diflblved, pour the folutipn into a glaf^^ 

and add to it fiyi^ oif fix :ti^lc^s the quantity of com ^ 

mon water«, 

Then take fpirit of fal ammoniac, or oil of tartar, 
an4 pour it drop by drop into this folu)Aan» untU 
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the gold is entirely precepitated to the bottom of 
the glafs ; decant the fupernatant liquor, by inclin- 
ing the glafs, and having wafhed it feveral times in 
tepid water, dry it at a very moderate heat, placing 
it on paper capable of abforbing all the humidity. 

If a grain of this powder, put into a metal fpoon, 
be expofed to the flame of a taper, as fooh as it be- 
comes fufficiently heated, it will explode with a 
very louil report ; but it fometimes happens that it 
pierces the fpoon and forces itfelf downwards with 
great violence^ 

Method of Cutting Glafs by the means of Heat. 

Take a common drinking glafs, not very thick, 
and apply to the edge of it a lighted match, until the 
violence of the heat produces a crack in it ; then 
move the match along the crack, following a fpiral 
direction, and after five or fix circum-volutions, 
the glafs wiir form a fort of fcroll, the parti of 
which will feparate when you invert it ; but which 
will be re-joined when put again into its natural 
position. 

f This method may be employed to cut glafs tubes ; 
for if a finall notch be made with a file in the 
place where the tube is to be divided, you may 
eafily make it fplit in that place, by applying to it 
a piece of angular iron made red hot* , 
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Tofufi a piece of money in a xvalnut Jhell^ wi^o^ 

injuring theJhelL 

Bend any very thin coin, and having put it intcx 
the half of a walnut {hell, place the (hell on a little 
fand, in oirder that it may remain steady. Then fill 
the fhell with a mixture made of three parts of verjr 
dry pounded nitre, one part of the flowers of ful-- 
phur, and a little faw-duft well fifted.- 

If you then infiame the mixture,, as foon as it 
has melted you will Tee the metal completely fufed^ 
in the bottom of the ftielU under the form of a but- 
ton, which will become hard when thebuming^ 
matter around it is confumei: The fliell employed^ 
for the operation will have fuftained very little* 
injury. 

A fmall ball of lead clbfely wrapj)ed up in a bit? 
of paper* may be fufed in the fame manner, by 
cxpofing it to the flame of a candle. The paper' 
will not be hurt, except in the bottom, where it will 
have a fmall hole, through which the metal lia» 

run. 

Phofphcrus. 

The name of phofphorus; is given to certain 
bodies which fhine or appear luminous in- the dark.. 
Some kinds of it are natural, and others artificial : 

* If the paper be not in perfect contact with the lead tbe 
experiment wiU not succeed. T. 
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(hfi ngtvM^l afO'tlbofe M^hi«b flpiine without the aflift*- 
jyiic^ of 9ity fuch a^ certain kinds of rotten wood» 
glaw worna$, and almoil all fifli when they begin to 
become puUid. 

The j^rtifi^ial kind? of phpfphorus are thofe pre- 
flared h.y 9Si I fHch ^$, Kunckers phofphorus *, the 
fulphHreJi; Qir M^e Julpbate of barytas calcined, called 
3o)i^na .phofphorus, &c. 

j4 Liquar which. Shines in the Dark. 

Take a bit pf Kuncke4's phofphorus, about 
the fize of a pea, and having divided it into 
feveral portions, put them into half a glafs- 
fuU of very ipiire' water, and boil it in- a frhall 
earthen veffel: over a very moderate fire. Have 
in readihefs a long narrow bottle," with a well fitted 
glafs ftopper, and iitimerfe it, with it« mouth open, 
into boiling water 1 On taking it out, empty it of 
the water, arid immediately poUr into it the mix- 
ture, ill a ftate (iff ebullition ; then put in the ftopper, 
and cover it with maftic, to prevent the external 
air from entering it. 

This w^ter will (hine in the dark for feveral 
months, even without being touched ; and if it be 
fliaken during dry, warm weather, a kind of brilli- 
ant flaflies will be feen to rife through the middle 
of the water. 

'^ Kupckel's phosphorus is the cocomou phosphorus of thft 
«hop«. T, 
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Varions amufing tricks may be performed wtA; 
this phofphorus» by coveri^ig the bottle which conv 
tains it with black paper, having words or figures 
cut out in it : as you may not only caufe different 
words to appear, but may even conceal with one o£ 
your fingers fome of the letters, whicli compofe 
them, fo as to form other words, it will feem as if 
you had the power of making them' appear at 
pleafure, 

Tc Tnakc Luminous CharaBers appear en a piece 9f 

paper ^ or a xuall\ &c. 

If any characters be traced but with a. fmall bit 
of Kunckel's phofphorus, they will appear luminous 
in the dark. If this experiment be made during 
warm weather, the light will be more vivid, and 
will be the fooner diflipated, than if performed 
during cold or moifl weather : by breathing on thefe 
chara6lers they will difappear; but a moment aftec 
they will re-appear of themfelves. 

A Liquor Jhut up in a Bottle^ which when the bottle 
is unftopped^ becomes Lurhinous. ' 

r / r 

Put a little of Kunckel's phofphorus into effence 
of cloves and fill with it a bottle, which muft be 
kept clofely (hut : every time the bottle is unftopped, 
the whole liquor will appear luminous. This ex- 
perimenty as well as all the preceding, muft be per^ 
formed in the dark, « - 
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Kunckers phofphbrus may be preferved in a 
bottle filled with water ; but it muft be put back 
into the bottle as foon as it has been ufcd, and care 
muft be-taken not to touch it with tiie. naked fingers^ 
becaufe it would burn them, and occafior^ very aqute 

pain *• 

Artificial Memory » . / « 

You may lay a bet with any perfori, that you will 
diftate a great many different numbers at bazatd, 
which he may write down and keep by hina, and 
that you will recite them in. the fame order imme-» 
dicitely, or at the end at' a month or even of fevetal 
years. For this purpofe it will be neceffary to be 
familiarifed with the following numerical alphabet- 
ABCDEFGH 



i 


2 


3 


4 


5 


6 


7 


8 


I 


K 


L 


M 


N 


O 


P 


Q 


9 


lO 


11 


12 


»3 


»4 


15 


16 


R 


S 


T 


V 


X 


Y 


Z 


/& 


>7 


i8 


X9 


SO 


21 


22 


ag 


24 



As every body knows by heart fome lines of 

poetry, o|", fome prayer, the whole myftery of this 

artifice ;confiife in di£lajiing the figures correfponding 

to each of the letters of the words employed ; obu 

ferving, in order that the numbers may be greatly 

varied, to join the letters in each word two and two, 

and to take only the laft when the number of them 

is odd. 

* It is impossible to be too carefiil in h^jidUng this dan'^ 
gerous substance, T, 
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JFor example if the f5llawibg words &e ufed.: 

Pallida mors nquo ptde pulfat. 

Yon muft diflate 151; 1111; 94; i; 1214; 

1718; 516; 2014; 155; 45; 1520; 1118; 119. 

The truth of this is proved by what follows : 

pa — // — id — a — jno — rs . — aq — uo -^ 
15,1 11,11 9,4 1 12,14 17,18 5,16 20,14 

pe — de — pu — Is — at 
*5»5 4'5 *5>20 11,18 1,19, 

This recreation will excite great aflonifliment in 
thofe not poffeffed of the key ; who will believe 
that the numbers have been dictated at hazard, aiid 
that they could not be recited at the end ol a certain 
time, without a prodigious memory. 

To caufe a pe^fon to hdieve that you can make ap^* 
pear to artethtr^ Jhut up in a room by himjclf, any 
tkano that the former choofcs, '^ 

This amu femem muft be performed m concert 
with fome perron,.in the company^ to whom you 
have communicated the fccret. 

Agree privately with the perfon who is to be Qiisl 
up in the room, tl.af when he hears *you give -one 
Jsnocjc, it denotes the letter A ; that two will denote? 
l)ie letter B, and fo on according to the order of the 
24 Jetteis of the alphabet. Then fay, that you will 
^fiufe appear to the perfon who will ^on{Q.n\. to fhut 
himfelf up in the next room, whatever animal anjr 
4Biib8r in the campany choofes ; and in order that no 
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other perfon, except he who i» in the fecret* inay 
offer to fhut himfelf ^p, tell the company th^t it will 
require great, courage. The perfon ^ith whom you 
are in concert muft then offer himfelf, and you 
muft feem to sjccept of him with reluftanc^. Thea 
kiudle a lanjp that emits an obfcure light, and having 
given it to the perfon, defire him to place it in the 
middle^ of the room, and not to be frightened at 
what he fees. 

When the perfon is fliut up, take a fquare piece 
of black paper, with a bit of white chalk, and de- 
fire any one of the company to write on it the n^me 
of the animal which he wijOhes to appear to tfie per- 
fon in the adjoining room. We (hall fuppofe that 
he writes the word cack. When you have read 
what has been written, burn the paper, by applying 
it to the flame of a lamp ; and putting the aflies into 
a mortar, throw over them fome powder, which 
you muft pretend to be poffeffed of great virtue* 
Then take a peftle, as if iniending to triturate the 
mixture, and give three knocks with it to denote 
to the perfon fhut up in the next room the letter C r 
after which ypu muft move the peftle round in the 
mortar two or three times, that the perfon ipay have 
leafure to pay proper attention. Then give fourteen 
knocks to demote the letter O ; aijd continue in this 
manner giving the proper knocks for the other two 
letters. If you then aflc the perfon what he fees, 
I )k "wiiUdX firft return n9 anfvy^er^ in order to mdike 
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It be believed thsrt He is frightened ; but be will at 
length fay that he thought he faw a cock. 

That there may be no miftake in regard to the 
fetters, each of the parties in the fecret, before the 
knocks imr the dilSerent letters are given^ may i^e- 
peat privately the letters of the alphabet according^ 
Co their order, fo as to be certain of the number of 
the' knocks proper for each* 

Mithod of making Silhouettes, er Jhaded Portraits 

in- Miniature. 

The method of making filhouettes after nature,, 
and as large as life, is exceedingly frmple. Nothing. 
IS neceffary for this purpofe, but to place the per- 
fon'^s head at a proper diftarice,^ betweema candle 
and a fheet of paper, and then to trace out the pra- 
file correctly with a pencil. * 

The method of jeducing thefe portraits to the 
miniature fize depends on the principles of the 
camera obfcura* 

Baptifta Porta, a philofopher of the tixteentBc 
ceritury, obferved that the external objefts appearedfi. 
like fhadbws painted in the walls, and on the ceiling; 
of his apartment. Nothing efcapes the eyes of an: 
enlightened observer ; every thing, thofe even^ 
which fome might confider as of little importance, 
feem worthy of his attention ; and the moft noble 
difcoveries are often the refult of this happy faga- 
city. Porta 'was agreeably furprizedat the above 




n^^av^fl.Mi r^^^^gm^m n I ,^i •   "PP ' ' -•W'i^P»«^^'~' » - -t''- i«p<  -.— t ■» - . •.-- .-i— t-^ t-»  • •■|P| wi« llJi  OP 



L 



SECRETS. ftSt 

Jingular effeft, and to improve it, he conceived 
the idea of fixing in the hole of his window si 
fmall lens ; fuch was the origin of the camera ob* 
fcUra. This machitie is now rendered portable; 
but, in whatever .manner conflru£led, it is ftill 
founded on the fame principles. 

It confifts of a lens or objeft-glafs, which con^ 
veys the rays of light, proceeding from external 
objefts, to any white ground,, at a prpper diftance 
in a darkened room, *fo as to make them repref^nt 
thcfe objefls in their proper colours, but in an in- 
verted pbfition. To caufe them to appear in their, 
natural pofijtion, % yeflefting mirror is for themoft 
part ufed ;.' but the. mechanifm is exceedingly fim- 
ple, and any ingenious perfon, who poffeffes the' 
lead knowledge of catoptrics or dioptrics, may cori- 
&ruEk a eamera obfcura of any form at pleafure. 

That employed for making miniature filhouettes, 
is nothing else than a box conftrufted of pafteboard 
or wood, and having in one fide of it a fmall 
hole. • 

* When this hole is turned towards obje6ls, ftrongly 
illuminated by the light of the fun, or of a candle,' 
thefe obje£ls will appear painted in their natural 
colours on the oppofite fide of the box. 

If, itiflead of a fmall Hole, there be made one of 
two or three inches in' diameter, with a lens fitted 
into ity die objects will appear painted in tiiuch' 
ftronger colours; but if a mirror be ^xsdin the 
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1k)x, at a proper diftance from the Jens, and inclined 
at an angle of 45 degrees, the objefls will be painted 
in miniature on the upper part of the box made of 
gUk ; and of greater or lefs fize, according as the 
lens is nearer to, or farther from, the mirror. 

Silhouettes made as l>i"ge as nature, by the pro* 
cefs above indicated, can be reduced to a very fmall 
fize, by being placed at a proper diftance from the 
lens ; but if the original be placed at that diftance^ 
inftead of the fiihouette, you will have the pleafure 
of feeing painted on the glafs certain parts not ex. 
prefled in a common filhouette, fuch a/ the eyes» 
ears, hair, 8cc. 

ft 

Method of f^udily delineating cdl forts of plants andt 
^ flowers. 

Provide two balk, and foiae printerV ink ; lhen>. 
holding one. of the balls in the left haiod, place 
upon it the leaf or plaat,. the.itnpreflkm of whiclau 
you are defirous of olntaining, and taking the other 
ball, which muft be daubed over with ink, in the 
yight hand, ftrike it gently onqe or twice* againft 
the plant, without deranging it : Then carefully re- 
move the leaf or plant, and putting it between a 
flieet of paper folded double, lay it on a table 
covered with a woolen cloth) £ind prefs it two or 
three times witb a woodeii roller, covered with- a 
handkerchief, or any thing elfe of the like kind* 
^fter this proceg, you will find oa each leaf of 
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Ac paper, an impreffion of the upper and lower fide 
of the leaf; which, befides being a perfeft refem- 
blance of nature, will even furpafs the moft beau» 
tiful engravings, efpecially if the operation has beea ' 
performed with dexterity. ^ 

The Changeable Roje. 

Take a common full-blown red rofe, and having 
thrown a little fulphur finely pounded into a chaf- 
fing- difh with coals, expofe the rofe to the vapour.. 
By this procefs the rofe will become whitifli ; but if^ 
it be afterwards immerfed fometime in water, it will 
refume its former colour* 

The Magic PiBure* 

Provide a glafs fimilar to thofe ufed for minia- 
ture paintings, that is to fay, fomewhat concave; 
and another piece of common glafs of the fame fize^ 
and exceedingly thin. Fill the concave fide of the 
former with a mixture of hog's lard and wax meked 
together ; then apply the two pieces of glafs to each 
other exactly, that the above compofition may be 
inclofed between them ; and, having wiped the* 
edges very clean, cement upon them, with fi(h 
glue, a frhall flip of fwines's bladder. When it is 
thoroughly dry, clean the glaffes and apply to the 
flat fide a portrait, or any other fubject at pleafure, 
and inclofe the whole in a frame, fo as to conceal 
ihe edges. 
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If this portrait be.expofed to heat, the compo- 
Cition between the two glaffes will diflblve, and be- 
come trafparent, and the portrait will b§ diftin6lly 
feen ; but . it will difappear when the fubftance 
cools : in this manner it may be made to re-appear 
as often as you choofe. 

The Changeable PiBure. 

Paint upon thin paper, in a flight manner, and 
with very light colours, any fubjeft at pleafure, but 
Jifpofed in fuch a manner that, by painting the 
paper ftirongeron the other fide, it may be entirely 
difguifed : Then cover the laft fide with a piece of 
white paper, to conceal the fecond fubjeft, and in- 
clofe the whole in a frame, and even between two 
pieces of glafs. 

If you hold this pi6kire between you and the 
light, and look through it, a fubje6l will be feen 
very different from that which it exhibits when 
looked at in the ufual manner* 

Golden Ink. 

As writing, before the invention of printing,, was 
the only method of tranfmitting to pofterity the 
works and difcoveries of celebrated men, it became 
in the fourteenth and fifteenth centuries an art much 
Ciiltivated, and in which many 'perfons excelled. 
The manufcripts pf tbofe periods contain writing 
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the neatnefs and regularity of which are astonifli- 
ing. Tranfcribers were even acquainted with a 
method of ornamenting the initial letters with gold, 
which they applied in fuch a manner as to preferve 
all its fplendour. Writing, by the invention of 
printing, having become of lefs importance, foon 
degenerated, and the fecret of applying gold to 
paper and parchment, like many other arts, was at 
length loft. The 'Benediftines however re»difco- 
vered this fecret, ind fpecimens of the procefs, and 
parchment contaning writing in gold letters, as 
brilliant as thofe fo much admired in the ancient 
manufcripts, have been feen at the Abbey Saint* 
Germain-des-Pres at Paris. This procefs may be 
exceedingly ufeful, and may furnifli hints for im* 
proving fome of the other arts, which are all coh«i 
ne£led, and mutually tend to promote each other* 

The folloxving is the procefs^ tranjlated from ike 

German^ 

Take a certain <}j(iaptity of gum arabic, thft 
white ft is the beft; sbd, liaving reduced it to ail 
impalpable powder in a brafs mortar* diflblve it in 
ftrong brandy and add to it a little common water 
to render it more liquid. Provide fome gold in a 
fticll, which muft be detached, in order to reduce 
it to a powder^ When this is done, moiften it with 
the gummy folution^ and ftir the whole with you^ 
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finger, or Avitb a fmall hair-brufli ; then leaVe it stt 
tcft for a nrght» that the gold may be better diflblved* 
If the compofition becomes dry during the night, it 
mutt be diluted with more gum water, in which a 
little faffron has been infufed; but care muft be 
taken that the gold folution be fufficiehtly liquicl to 
be employed with the pen. When the wrking ift 
dry, poHIh it with a dog's tooth. 

Another proce/s. 

tl educe gum ammoniac to powder, and diflblv* 
U in water in which gum arabic hasbeen previoufly 
diflblved, and to which a little garlic juice has been 
added. This water will not diffolve the gum fo aS 
to form a tranfparcnt fluid ♦, for the refult will be a 
inilky liquor. With this liquor you muft form your 
letters, or ornaments, on paper or vellum, by means 
of a pen or hair-bru(h : then fuffer them to dry, and 
afterwards breathe on them fome time, till they be- 
tome fomewhat moiA, arid immediately apply a few 
bits of gold leaf cut to the fize of the letters ; prefs 
the gold leaf gently with a ball of cotton, Or bit of 
foft leather, and when the whole is dry, take a foft 
bruOi and draW it gpntly over the letter^, to removed , 
the fuperfluous jgilding. The parts which you wifli 
to polifh, and render brilliant* may then ht bunjife* 
td with a dog's ^oothi 
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White Ink, for writing on Blatk Paper* 

Take egg-fhells, and having cstefully wafiied 
them, remove the internal pellicle, and grind them 
on a piece of porphyry* Then put the powder into 
a fmall veffel filled ^ith pure Mrater, and when it 
has fettled at the bottom, decant the water, and dry 
the powder in the fun^ This powder itiuft be pre- 
ferved in a bottle. When you are defirous of ufing 
" it, put a fmall quantity of very pure gum ammo- 
niac into diftilled vinegar, and leave it to diflblve 
during the night ; next mortiing the folution will . 
appear exceedingly white, and if you 'then ftrain it 
through a piece of linnen cloth, and add to it the 
powder of egg-fliellsj in fufficient quantity, yoU 
will obtain a very white ink* ^ 

• ' RedlnL 

Boil four ounces of Brazil wood in ttvo pints of 
Water, for a quarter of an hour, and having adddd 
a * little alumi guiti arabic< and fugar-candy, fufFet 
the whole to boil for a quarter oi an hour longer*- 
This ink may be preferved a long time, and th< 
. older it grows^ it will iftiU become redder^ 

Blue Inki 

Blue ink may 1)6 obtained by diluting indigo ^ndl 
cerufe in gum wateri ^ 
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Yellow Ink. 

^ 'Take faffron and yellow berries, fgraine d^Avig* 
nonj, or gamboge, and dilute them, as' before, in 
gam water. 

Grten Ink* 

This Ink is made by boiling fap-green in water, iit 
which a little rock alum has been diflblved* 

Ink of different colours made from the juice of 

violets. 

t)ip a camel ^s hair brufh in any acid, fuch as 
diluted fplrit of vitriol, and draw it over a part of 
the paper. When the liquor is dry, write on it 
with a pen dipped in violet juice, and the writing 
will immediately appear o^a beautiful red colour. 

If a camePs hair bruQi, dipped in an alkaline 
foltdtion, fuch as that of fait of Wormwood in 
water, be drawn over the other part of the paper^ 
by writing on it when dry with juic^ of violets^ 
you will obtain charafters of a beautiful greeri 
ColDuf. 

If you write with the juice of violets, and dra\/ 
a brufh dipped in fpirit of vitriol over one part df 
the writing, and a fecond dipped in fpirit of hartf- 
horn, or a folution of fait of wormwood diffolved 
in water, over another, you will have red and green 
writing.' 
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By expofing this writing to the fire, it will be- 
come yellow.- ^ 

If you write on paper with an acid, fuch ai 
lemon-juice, (which is as proper for this . purpdfe 
as any other) and then fuffer it to dry, the writing 
will be invifible till brought near the fire, when it 
will become as black as ink : The juice of onions 
produces the fame efFeft. 

The older writing of this kind is, the more beau-* 
tiful the colour becomes ; and in like manner the 
longer the fpirit of vitriol, or fplution of fait q£ 
wormwood, &c. has been left to diflblve, before, 
they are. ufed to write with, the brighter will be 
the colours. 

Tracing Ink. 

This name is given to a kind ol ink employedt 
for tracing out figures, and other fubjefls, intended 
to be engraved, as by meaiis of preffurc it may be 
transferred from paper, and fixed on th^ whit# 
^^f^x with which engravers cover their platesi ' 

To compofe this ink, take gunpowder finely 

pounded, and add to it an equal quantity "of prini* 

ter's black ; then put the whole into water with a 

little Roman vitriol, and ftirthe mi^iture^ giving it 

fiich a confiftence. that it may be neither tWo thidt 

nor too thick* Before the Ink is ufedj flA^e it 

%^ell, beeaufe,fhe black is apt tp depolU itfelf at 

th^ bottom of the vefleL 

O 
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China or Indian Ink. 

Ckina ink, which is employed for fmall drawings 
Vid plans, may eafily be made by the following 
procefs. Take the kernels of the {tones of ajpri* 
cots, and burn them in fuch a manner as to reduce 
them to . poiwder, but without producing flame ; 
which may be done by wrapping up a fmall packet 
of them in a cabbage leaf, and tying round il a bit 
of iron wire. Put this packet into ^n oven, heated 
to the fame degree as that required for baking 
bread, and the kernels will be reduced to a fort of 
' charcoal, with which an ink may be made fimilar to 
that brought from China* 

Pound this charcoal in a mortar and reduce it to 
an impalpable powder, which muft be fifted through 
a fine fieve ; then form a pretty thick folution o£ 
gum arabic in water, and, having mixed it with the 
powder, grind the whole on a ftone, in the fame 
manner as colonrmen grind their colours. Notliing 
is then necelfary, but to put the pafle into fome 
fmall moulds, formed of cards, and , rubbed over 
with white wax, to prevent it from adhering to 
them. 

In regard to the fmell. of the China ink, it arlfe» 
from a little mufk, which the Chinefe add to the 
gum water, and may eafily be imitated, The figures 
fcen on the flicks of China ink, are *the particular 
marks of the manufaflurers^ who, as in all other 
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Countries^ ^re defirous of diftingulfliing whatever 
comes from thdr handi. 

Dr» Lewis thinks, from the information of Father 
Si Halde, that China ink is compofed of nothing 
but lamp-black and animal glue. Having boiled a 
flick of China ink in feveral portions of water, in 
order to extra£l all the foluble parts, and having 
filtered the different liquors, which he evaporated 
in a ftone veflfel, he found that the liquors had thci 
fame odour as glue, and that they left, after evapo* 
ration, a pretty confiderahle quantity of a tenaceous 
fubftance, which feemed to differ in nothing front 
common glue. 

Ink Powder. 

Common liquid ink, thd method of making 
which we have already defcribed, is not eafily tranf- 
ported from one place to another ; andj befideS this 
inconvenience, it is apt to dry in the ink-holder* 
In bottles, unlefs well corked, it becomes decom* 
pofed and evaporates ; and if the bottles happen to 
break, it may fpoil clothes, or any other articles 
near it.' For the convenience therefore of thofe who 
travel either by land or by fea, ink powder has been 
invented, which is nothing elfe than the fi\bflanceSi 
employed in the compofition of common ink> 
pounded and pulverifed ; fo that it can be converted 
into ink in a moment, by mixing it up with a little 
Vvateri 



jr\ 



Spfl AMUSING 

Method of reviving old writing. 

It is often neceflary to confult old charters, titles, 
deeds, and manufcripts, written many centuries 
ago, cither to gratify curiofity, or to clear up feme 
important point in law ; but as the writing is feme- 
times fo much effaced as to be fcarcely legible, a 
Benedi3ine invented a liquor, which will make old 
manufcripts appear as frefli as if newly written* 
The procefs for preparing this liquor, which, may- 
be eafily applied, is as follows : 

Having provided a pot, capable of containing 
three quarts of water, take fome white onions, 
fr^ed from the exterior thick (kin, and cut them 
into fmall morfels ; put fuch a quantity of them 
into the pot as to occupy three fourths of it ; then 
£11 up the remaining part with water, and add three 
gall-nuts well pounded. Boil the whole tor an hour 
and a half, and throw into the mixture about the 
fize of a nut of rock alum; Strain the mixture 
through a piece of cloth, fqucezing the onions 
ftrongly to exprefs the juice, and preferve the 
liquor, which, wheacold, will have the appearance 
of orgeat. 

When you intend to ufe this liquor, expofe it to 
heat, whiih will render it clear ;^ then dip in it a 
bit of rag, and apply it to the writing waich you 
wi(h to revive ; if you then hold tlie writing near 
the. fire, that the liquor may make a ftronger im- 
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preffion, you will haye the pleafure of feeing the 
charafters revived in their full luftre. If there be 
only a few words of the writing effaced, it will be 
fufficient to heat a littlje of the liquor in a filver 
fpoon, and to apply it as above. . 

Another procefs, ftill fimpler, confifts in putting 
three or four pounded gall-nuts into a certain quan- 
tity of fpjrit of wine ; heating the mixture and ex* 
pofing to the vapour of it the writing which you 
^i(h to revive. 

Old papers or parchments, the writing of which 
cannot be read, or can be read only with diflSculty, 
may be immerfed alfo in water in which copperas 
has been diffolved : if tiiey are then fufFered 10 
dry, the copperas will make the writing re-appear 
with as much frelhnefs as if it were new. 

Method of taking off the Imprejfion of any 

Drazving. 

The impreflion of any drawing mjay be taken offi 
by placing a piece of glafs over the original, and 
then tracing out all the outlines with a bit of foft 
ted chalk ; but as red fchalk makes no mark upon 
glafs, it muft firft be rubbed over with gum water, 
to which a little vinegar has been^added : when the 
gum is' dry it will be fit for drawing on. Without 
vinegar, ried chalk would not mark on the gum; 
b\^t if you rub the glals with the white of an egg, 



f 



/-> 



§94 .AMU5IKG 

inftead of gum, there will be no need of vinegar* 
When the drawing has been traced out on the glafs, 
if you apply to it a piece of moiftened paper, pref- 
iing it ftrongly down, and immediately remove it, 
left it (hould adhere to the glafs, you will find im- 
printed on it the drawrtig made with the red chalk* 
By thefe means, you may obtain an exaft outline of 
any drawing, or print, which you wifli to copy. 
This refemb lance, however, will be reverfed ; and 
for that reafon, to give it the fame appearance as the 
original, it m^ll be re- copied* 

To take off the imprejion of Old Prints. 

Take Venice orWindfor foap, which muft he cut 
into fmall morfels, a certain quantity of potafli, 
with as much quick lime, and boil the whale in a 
pot. Wet the engraved fide of the print gently 
with this liquor ; then apply to it .a flieet of white 
paper, and roll it feveral times with a roller, in order 
.that the impreffion may bexomplete. 

Method of Teaching Drawing to Young Perfgns. 

An artift. propofes to t^ach young perfons the 
dements o( drawing, by making them firft prac-« 
iice on a flate ; becaufe it may be foon cleaned 
with a wet cloth, or fponge. . This method indeed 
would fave the expence of paper, and afford the 
pupils an opportunity of eafily corre6ling their 
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faults, Without being obliged to begin their drawing 
again entirely. For my part, I think it would be 
more advantageous to employ, inftead of a flate a 
piece of Bohemian glafs, which might he made 
rough on one fide, by rubbing it with a pumice 
(lone, or a flat bit of free ftone, or fine fand well 
moiftened. Whatever figures have been drawn on 
this glafs, may be effaced by a wet cloth, in the 
fame manner as from a "flate ; and bf fides this ad* 
vantage, as the glafs is tranfparent, correS copiA 
may be placed below it, which the fcholars ought 
to follow till their hand is properly formed. What 
is liere faid of drawing, may be applied alfo to 
writrng. 

Method of conJiruBing a Lantern^ which will enable 
a peffon to redd by night at d very great dijtance. 

Make a lantern of a cylindric form, or fliaped 
like a fmall caflc placed lengthwife^ fo that its axis 
may be horizontal, and fix in one end of it a para*, 
bolic or (jpheric mirror, fo that its focus may fall 
about the middle of the axis of the cylinder : if a 
fmall lamp or taper be placed in this focus, the light, 
faffing through the other end, will be reflefted to 
a great di fiance, and will be fo bright, that very 
fmall letters on a remote objeft may be read, by 
looking at them with a good telefcope. Thofe who 
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fee this light, if they be in the direflion of the axis 
of the lantern, will think they fee a large firer 

Method of Iffftning the danger which arifes from 
the agitation of the water ^ either in the open fea 
or on rivers, 

Mr. Achard, of the Academy of Sciences of 
Berlin, in confequence of feveral experiments 
which he made, was induced to publifli'the follow- 
ing method. 

Provide feveral calks, filled with air, and made 
fo clofe as to prevent the entrance of water ; or, 
what will be ftill better, boxes of tin plate, fix or 
eight feet fquzfre, and two feet in height, filled alfo 
with air, and rendered completely , water-tight. 
Ships, without much incumbrance, may always 
carry with them fome dozens of thefe caiks, or 
boxes, made fall to ropes, and nothing will be 
neCeffary but to throw them into the water, when 
it becomes fo agitated as to give reafon for appre- 
hending danger ; experiments made on a fmall fcale 
have piroved, that this method will completely 

tinfwer the intended purpofe. 

« 

Having three vejfels^ one capable of containing 8 
pints and full of liquor^ and other two empty 
onesy one capable of containing 3 and the other 
g pints, to divide the 8 pints info two equal 
portions^ 
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P. P- P. 
Let the three veffels be . - * 853 
Fill the three-pint veflel - -5^3 

Pour thefe three pints into the one capable 

of containing five - - 5 3^ 

Fill the three-pint veflel a fecond time 233 

Pour two pints, from the laft, veflel, into 

the five -pint one - - 2 5 t 

Pour back the five pints into the eight-pint 

veflel - - - 701 

Pour what remains in the three-pint veflel 

into the five-pint one - -710 

Then take three pints from the eight-pint 

one - - - 4 I 3 

Put thefe three jpints into the five-pint 

veflel - - - 440 

By thefe different tranfpofitions, the eight -pint 
veflel and that of five pints will be found to contain 
each four pints. 

Another method of folving this problem. ^ 

P. P* P; 
Fill the five- pint veflel - - 3 5 o 

Take from thefe five pints as many^as will 

fill the three-pint veflel - 8^3 

Put thefe- three pints into the eight-pint 

veflel - - - . 6 5» o 

Put iuto the three-pint veflel the two pintg 

O5 • 
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. which remain in the five-pint one • 6 o d 
Fillonce more the'five-pint veflel • 15a 
rill up the three-pint yeffel by taking one 

pint from the five-pmt one • ^ 4 S 

pour thefe three pints into the eight-pint 

veffel - - -4^40 

The refttlt is here the fame as that of the laft 
operation. 

ConduScrs. 

As places expofed to liglitning ought to be pro« 
vided with the means of fecuring them from danger^ 
an apparatus has been invented for this purpofe* 
which confills of a rod of iron, terminating ih a 
fharp point, raifed above the top of the edifice» and 
conveyed down to the earth. 

This apparatus is called a coodu£k)r \ and long 
experience has h fully jullified this appellation, that 
it is now ereSed on vcKch^ and even on powder 
magazines, which are pften in danger ot being 
blown up by lightning. 

In our opinion, a conduflor ought to be an inch 
fquare, and to rife ten or twelve feet above the edi- 
fice ; the point of the fummit ought .to be well 
gilded, and all the reft fhould be varniflied to pre- 
vent it from rufting, that it may attraS the eleSric 
fire with more ftrength, and tranfrait it to the earth 
which is the common refervoin 
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A certain philofopher has propofed a portable 
conduftor, tp be put together and taken to pieces in 
an inftant ; and which, in a moment, could be con-« 
VQrted from an umbrella into a conduftor, or from 
a condu6^or into an umbrella. 

M^ere it only neceflary lo difchange a very ftroiig 
deftric battery, fuch means might be adequate to 
the intended purpofe ; but the' eflPefts produced by 
the moft powerful eleftric machine, can never be 
compared with the agency of natural eleftricity. 
Have we nof frequent examples of iron rods being 
fufed by lightning ; and is it not to be apprehended 
that the eledlric current, direfted by the point of 
this pretended conduftor, might fall upon the per- 
fon who carries it and deftroy him ? There have 
been martyrs to eleftricity, as well as to aeroftation, 

Cork JackttSy for fupporting people in the water. 

The greater part of the arts,' which ought to be 
fubfervient to the ufe of man, ai e indebted for their 
origin merely to avarice and other paffions, which- 
rule with defpotic fway. CtJokery, rqduced to fyf- 
tematic rules; faftitious liquors, and the>frivolour 
caprice of fafhion,. feem to exhauft ali their, re- 
foufces, to fhortcn our lives and to deftroy our for- 
tunes. We adopt the coftume of a Brutus and a 
Phryne, and then lau^h at the fharaefui depravation 
of manners which prevails. ' He who, by the re» 
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full of learned and laborious refearches, (hould be 
able to free us from a number of fcourges which 
fweep off whole . generations, would not perhaps 
meet with fo much encouragement for his valuable 
diCcoveries, as the inventor of foftic of thofe frivo- 
lous ornaments, which are as changeable as the 
pljafcs of the moon. 

We have long heard of the means invented to 
fecurc people from the fatal effe£ls of fliipwreck.. 
All the European journals have extolled, in the 
mod enthufiaftic firain, the perfon who devoted ht$ 
labour to a matter of fo much utility ; but,.notwith- 
{landing his valuable refearches, his name is now 
feldom repeated. Yet. how many unfortunate vie* 
tims of a treacherous element might be ftill in exiit- 
ence, had they provided themfelves with preferva- 
tives fo eafy to be obtained ? 

The Abbe de la Chapelle, being on the point of 
undertaking a long voyage, employed himfelf * in 
endeavouring to £nd out a method by which the 
feamen might be faved, if by one of thofe unfor« 
tunate events, too common at fea or in rivers, they 
Ihould he obliged to abandon their veffel, and to 
commit themfelves to the waves, in order to attempt 
reaching the fliore by fwimming. 

With this view he invented a kind, of fwimming 
drefs, to which he gave the name oi/caphanietm 
It is a fort of jacket compofed of pieces of cork, 
<:over6d on each fide with cloth, and failened round 
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the body by means of leather thongs, which paf)i 
between the thighs and over the (houlders. 

That the body of the fwimmer may be in equili* 
brium with an equal volume of water, a jacket of 
this kind ought to contain about ten pounds of 
cork. ' '^ 

The inventor of this, apparatus tried it in the 
Seine during thejbathing feafon. Having put it on» 
he committed himfelf to the moft rapid part of the 
river, where he kept his body in an upright pofture, 
with his head above water, and To much at his eafe, 
that he could make ufe of a bottle and a glafs which 
h« held in his hands. 

The fcaphander, - which may be procured at a 
ijnall expence, is fufceptible of farther improve- 
ment, according to the tafte and ingenuity of thofe 
who may choofe to fuperintend the conftruftion of 
it; Befides the utility of it in cafes of ihipwreck* 
it will enable people to bathe, without danger, in 
places of a lake or river more falutary than at the 
edges, where one is frequently furrounded with 
filthy and difgufting water. 

This happy invention brings to our remembrance 
another, fomewhat fimilar, for the purpofe of tranf* 
porting infantry over rivers, where there are no 
bridges, and which cannot be forded. It confifted 
of a fprt of drefs which fupported the foldier ex- 
ceedingly well in the water. The inventor, whq 

^^as an officer, mside a trial of it himfelf, and having: 
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been rowed out in a boat to a confiderable diftance 
at fea, threw himfelf into the waves, and returned 
to the (bore, walking in the water with as much 
eafe as if he had been on dry land » 

Hydrojtatic Balance^ ^ 

This balance is an inftrument invented for the 
purpofe of determining the fpecific gravity of bodies* 
Theconftruftion of it is founded on a theorem of 
Archimedes, which fhews, that a body placed in 
water, lofes as m0K:h of its weight, as is equal to 
Aat of the volume of the liquid difplaced by it ; 
from which it follows, that if we take the weight 
ef the body in water from its weight in air, the dif- 
ference will be the weight of a mafs of water equal 
to that part of the folid which is immerfed. This 
balance therefore is of great utility for determining 
the degrees of every kind of alloy ; the quality and 
richnefs of metals, ores, and minerals,, and the 
|)ropoitions of every mixture whatever^ 

Abfolute gravity is fo peculiar to a body, that it 
IS always the fame, being proportioned to the quan* 
tity of matter it contains ; but the fpecific gravity 
is the ratio of the weight of two bodies, having the 
fame volume. Thus, if a piece of cork weighs the 
hundredth part of a piece of lead of the fame 
iw)lume, we may fay that the fpecific gravity of 
cork is to that of lead as i to loo.^ 

To determine the fpecific gravity of a liquid,. 
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take a folid body of any form at pleafure, and 
bring it into equilibrium in the air at the arm of the 
hydroftatic balance, in order to afcertain its abfoliit^ 
gravity ; then immerfe it entirely in the liquor, by 
which means the equilibrium will be immediately 
deftroyed ; and what you are obliged to add to re- 
llore it will be exaftly the weight of the volume of 
the liquor difplaced by the immerfed body. If the 
body be a cubic inch, and if after, immer&on it 
has been neceffary to add 4 drams, youmaycoii- 
elude that a cubic inch of the liquor weighs 4 
drams. In experiments of this kind, the greateft 
care muft be taken that the folid and the liquor in 
which it is immerfe*d do not vary in their denfitjr 
during the operation ; for in that cafe the refult 
would not be accurate. It is oi\ the fame principlesL 
that areometers, for determining the dififerent fpecific 
gravities of liquors, are conftrufted. 
f Of the ancient philofophers, Archimedes leemt 
to have made the greateft . prpgrefs in the ftudy of 
hydroflatics. Having obferved one day- while 
bathing, that as he immerfed his body more or lefs» 
it difplaced a greater or lefs volume of water, h« 
was fo ftruck with this phenomenon, though appa* 
rently of little importance, that he hurried from the 
bath, and ran through the ftreets of Syracufe, cry- 
ing out " I have found it ; I have found it." When 
he returned to his ftudy, he began to reafon on thi& 
abfervation ; and at laft dedi^ced ixgjn it cert^a 
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principled, which enabled hi^mto difcover, by mean* 
o£ the hydroftatie balance, the quantity of alloy 
mixed in the crown of Hiero. 

This ^reat man, according to Vitruvius^ had been 
requefied by that prince to find out the quantity of 
filver contained in a crown of gold which he had' 
ordered to be made ; but in relating this faft, Vitru- 
vius does not tell us the quantity of the gold, nor 
inform us of the reafoning which Archimedes em- 
ployed to difcover the deception of' the goHfmith. 
We may howev^er fuppofe, that the crown weighed 
fio pounds; that when irartierfed in water it-dif-- 
placed 1 3 ; that a maf s of pure gold of fhe fame 
weight as the crown difplaced only 12, and that a 
mafs of filver difplaced 18. From thefe data it will 
be found, by employing the-rule of allegation, the 
principles of which we have already explained, 
that the goldfmith had mixed with the gold of the 
crown, 3 y pounds of filver. 

The hy^rollatic balance furniihes us with the 
. certain means of deteimining whether a piece of 
money be adulterated, and whether a diamond be 
real or falfe. 

Paptr^ which mhen written on^ the chardSlersJhali 

be Irwifible^ 

Mix up fome hog's lard very intimately with a 
little Venice turpexxtmei and rub' a fnxall portion of 
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it, gently and in an equal manner, over very thin 
paper, by means of a piece of a fine fponge. 

When you are defirous to employ this preparation 
for waiting fecretly to a friend,, lay the above paper 
over that which you intend to difpatch, and trace 
out whatever you think proper with a blunted ftyle^ 
by which means the fat fubftance will adhere to the 
fecond paper in all thofe places where the ftyle haa 
paffed. The perfon who receives the letter may 
eafily render it legible by fprinlcling over it a little 
coloured duft, or fome pounded charcoal well 
Cfted. 

Method of employing the above kind of paper for 
tracing out with great eafe all forts of figures^ 

Mix with the above compofition fome very fine 
lamp-black, and rub it gently over a piece of very 
thin paper; then wipe it carefully, fo that when 
laid upon a iheet of white paper, and prefled down 
gently with the hand, no (lain may remain upon the 
latter. 

Having laid over this black paper> the print 
which you wifh to copy, and placed white paper 
below it, by emploping a ftyle you may transfer all 
the outlines of the print to the latter paper* The 
cafe will be the fame if a piece of fine filk or linen 
be employed ; and by thefe means it will be eafy> 
even for thofe ignorant of drawing, to paint flowers 
OB any kind of ftuIF, After the outlines have been. 
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traced xmU nothing will be neceflary but to (hade 
them with the proper colours, made fufficiently 
liquid, and bid on in fo light a manner, that they 
may not run or become fcaly, when the cloth is 
^xpofed to moifture* ^ 

Secret Writing by means of Giphers.' 
There are feveral methods of carrying on a 
fecret correfpondence by writing, fo that no perfon 
into whofe hands the letters may fall fhall be able to 
read them. The mo ft ufual, and at xhe fame time 
the eafieft, confifis in employing, inftead of common 
ink, different kinds of liquids, which leave no fen- 
Cble traces on the paper, but which have the pro- 
perty of becoming vifible when expofed to heat, 
when immerfed in water, or when befprinkled with 
fome powder. Refprfting thefe procefles, -we hive 
already fpoken. The other method is that called com- 
monly writing in ciphers. It may be varied almaft 
without end ; and though it cannot be deQionfirated 
that it is impofEhle td decyphcr it, the operation 
* for that purpofe may be rendered fo tedious and 
laborious, as to make it exceedingly difficult. 
' This method in general conGfts in fubftitutlng, 
for the letters of the alphabet, different figns agreed 
upon by the perfons who correfpond. When the 
figns which denote the fame letters afe always inva- 
riably the fame, it is certain that they may be eafily 
dccyphered, efj^ecially if the writing be in a known 
language ;' but When they are changed in flich a 



.manner, tliat the fame may denote dlfFerent letters, 

tnr that the fame letter may be indicated by diiferent 

iigrns, the combinations which muft be made 

* . . ' 'i* 

in order to afcertain their relation become fo 

difficult, that it is almoft impoflible to difcover theif 

« meaning. 

Thofe who write in cyphers,- have always befyre 

them an alphabet of this kind agreed upon by the 

parties, which enables them to tranfcribe their letters, 

and to write the anfwers. This alphabet is called 

the key ; and it is often fo difficult to be difcovered, 

that it requires long and tedious combiiWtions. The 

.following examples will be fufficient to give an idea* 

of this method of correfponding i a ciphers. ; 

Tk€ MyJUrious ^Dial - Pl^U^ or the Prudent 

Secretary. 

Trace out on a fquare piece of pafte-board a Ibrt 
of dial-plate, accurately divided into twenty-fix 
equal parts, in which you muft infcribe the twenty. 
{bur letters of the alphabet, and the two confonants 
J and V. Over this diaUplate place a circular 
piece of pafte-hoard, made to move on the centre 
of the former, and of fuch a fize, that the lines by 
which the former is divided, being prolonged, Inay 
mark out upon it an equal number of divifions s 
in thefe divifions infcribe alfo the letters of the aU 
phabet ; but it is to be obferved that it is not necef<- 
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fary to arrange them in their proper order as in the 
former. 

It may readily. ))e conceived that when the movc- 
ible- circle has been placed in fuch a manner, that 
one of its divifions or letters correfponds withone 
of the other, all the reft of the divifions will corref- 
pond alfo. 

When you intend, by means of this inftrument, 
to write a letter in ciphers to a correfpondent, who 
muft be provided with one exaftly fimilar, arrange 
the moveable circle in fuch a manner, that the divi- 
fions of both parts fhall ftand exa31y oppofite to 
.each other ; and that your correfpondent may 
arrange his inftrument in the fame way, write at the 
head of the firft line the letter Of with that corref. 
ponding to it in the oppofite divifion ; for example 
am^ which will enable him to decypher your 
letter. 

Thus, if the moveable circle is difpofed in fuch 
a manner, that w of the firft correfponds to o, and 
^ to r ; inftead of we^ you muft write or, and you 
muft continue in this manner, in regard to the letters 
which compofe all the words you have occafion to 
write. 

The perfon to whom you write will employ the 
index a m^ as already explained, to enable him to 
difpofe the moveable part of his inftrunlent in the 
feme manner ; and by finding out fucceffively all 
(he letters yrbich correfpond to thofe of the inner 
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Circle, as they occur in his letter, he will decypher 
it fpeedily, and with great eafe. 

Writing in Ciphers ^ which appeats to be a piece of 

Mufic^ 

This fingular method of writing in ciphers, is the 
fame in principle as that above defcribed : but with 
this diflference, that inftead of letters, the interior, 
circle ought to contain in its divifions mufical 
notes, different from each other both in figure and 
pofition. 

The perfon who writes, muft take care to put at 
the head of his letter fome charafter of the alphabet, 
with the correfponding noce, in order that this rtgn 
may ferve as a key to point out the iiianner in which, 
the two parts of the inftrutn€nt ought to correfpond. 
By thefe means niufical notes may be fubfiituted 
for all the letters of the alphabet, fo as to exprefs 
every thing neceifary to be tranfmitted to your cor« 
refpondent. 

Method of Writing in Ciphers tuith Lattice Work* 

This method is tjoth eafy and expeditious : nothing 
is rteceflary but to provide a piece of paper, cut out 
with fquare holes in regular order, according to the 
direftion of the lines, and correfponding to thofeof 
another piece of paper in the polfelfion of yO\xt 
correfpondent. If this paper be laid over another 
of the fame fize, write on the latter, through thi 
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holes, whatever you choofe, and then, removing 
the upper paper, fill up the intervals with words 
forming fome kind of fenfe with thofe before writ- 
ten on the paper. 

Method of taking dff Imprejfions in Plajier of Paris ^ 

or Sulphur. 

As curious people, who cannot purchafe the ori* 
ginals, are often. defirous of obtaining impreflions of 
ttiedals, engraved ftones, and other valuable articles 
preferved in cabinets, they may eafily be probured^ 
and at a very fmall expehce. The whole proceft 
confifts in a very fimple operatiohi which will give 
a ftr iking refemblance of the objeft, fo as to exhibit 
all its parts with the greateft truth. 

When you intend to take off an impreffion in 
plafter, that which has been pulverifed and fifted 
through a piece of very fine filk mull be employed* 
Firft rub over the medal, or engraved Hone, very 
foftly* with oil, and having wiped it with cotton, 
furround the edge of it with wax or with a bit of 
thiA lead s mix up the fifted plafter with water, and 
ftir it gently, to prevent it throwing up air bubbles ; 
then pour it over the medals, and fuffer it to harden 
and dry. It may then eafily be detached, and will 
form a mould, ftrongly rnarked, by means of which 
yoU may take off impreffions in relief, either in 
iplafter or fulphur. * 

* Before these moulds atfe used, they must be impregnatei 
Wthoil Ti 
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The procefs for melted fulphur, is the fame as for 

plaftgr: but it is to be obferved, that when the 

model is of marble, old lard ought to be employed 

in preference to oil, becaufe the latter, by pene* 

, trating through the pores of tlie marble, would ftate 



it. 



Baits for Catching Fijh. 



In order to attrafl fifh when angling, baits madd 
of various kinds of grain, fuch as wheat, barleyi 
oats, or boiled beans, mixed with aromatic herbs, 
and pounded With earth, may be employed. • Filh 
are wonderfully attrafted by ftrong fmelling" fub* 
fiances, as camphor, afafcetida, S^c. : they feem to 
have a great fondnefs for a pafte made of crufls oi 
bread, honey and afafcetida. > It is faid alfo that they 
approach coloured objefts through curiofity. Some 
people tie a bit of fCirlet rap* to the hook, and rub 
it over with petroleum; and others highly extol 
heron-oil. To ottain the latter, the flcfh of the 
heron is cut fniall, and pounded in a mortar ; it is 
then put into a long rtecked bottle, clofely corked^ 
and preferved for two or three weeks in a warm 
temperature ; the flefh, by putrefying, is converted 
into a fubftance that approaches near to oil, which 
is mixed up with honey, bread and a little mufk^ 
Moil fi{h, and particularly "carp, are faid to be very 
fond of this bait. Artificial infefts are much ufed 
ftlfo for catching fifli, efpecially trofut ; they arc * 
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made of different colours, according to the hours of 
the day» in order that they may imitate the natural 
obje^ which appear at thefe different periods. 
. Thofe who fifh in frefli water, employ cheefe 
fiMtetimes as a bait, and prefer that which emits the 
ftrongeft fmell. The putrid livers and flelh of 
animals of every kind are likewife ufed. 

Small, long, flender worms, of a white or pale 
yellow colour, with "a red head, contained in fmall 
cells found in the roots of the water iris, are faid to 
be excellent bait for trout, tench, carp, and various 
other kinds. 

Eartk worms, as well as thott engendered in meati 
are of great fervi^e^ 

To procure the latter^ and alinoft at every feafon^ 
a dead cat, or bird of prey, muft be expofed to the 
flies, and when the worms become very livdy it 
ought to be buried in moift earth, as much flieltered 
from the froft as poffible. The worms may be taken 
•out according as they arc wanted. As thefe worms 
are mqtamorphofed into flies towards the month of 
March, recourfe muft then be had to.other animals 
of the like kind. 

Method of pfoducing Variety in tht Colours of 

• Flowefs*  

Variety is generally produced in flowers by fow^ 
Ing, in the fame bed, feeds collefted from different 
individuals ; and there is reafon to think that tbi» 
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variety in colour^ arifcs bbm'tht farina of the dif- 
ferently c6loured flowers^ tvhich mutjially fecundate 
each other* v 

This conjefture is fuppotted by eJcperiertcfe ; fof 
It is found, that if flowerii of the fame kind, but 
different in colour, that lis fottie red and others yel- 
low, flower together, the. feedis arifing from them 
produce red, yellow, and brange flowers, and evien 
fome diverfified with red and yellowi It is Oertaiil 
alfo that the variegations of flowers, are more fiiigu- 
lar, a^ccording as the variety of colours contraftedt 
together in the fame bed, is greater; that T)yi plant- 
ing together, in the' fahie p6t^ yellow and' white 
ranUnculufes, the feed 'refultii^ 'from* them wiH pi^o- 
Auce fuljphur-coloured rariunculiifes ; and thai' 
aurora-coloured ones may be obtained, in like itian- ' 
tier, by a fimilar procefsj with yello'W and red ra- ' 

aiunculufes. "'^ * •' . '; 

f .  t • 

It may' eafily be provied'bj^ ekp'^imtoU'th^ this? ; 
phenoriienon arifes pnly from the inffuehce of the ' 
farina ; becaufc, when thefe flowers are planted fepa- 
tately, and at a diftance from each other j they pro* 
duce only the fame colours. 

Method of obtaining Double. flowers, ^ 

The morie petals a.flov^er has, it becomes the 
.fuller and more beautiful. Flowers fometinkes are 
converted into double onps by accident ; but, thgit. 
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are foine which are only very little fo, as may be 
obferved aipong .carnations. There is however an 
artificial method of making them become double, 
which is, to transplant tjiem feveral times the firft 
year, as in fpring ^nd autumn, without fufFering 
them to flower. By following this method for two 
years confecutively, fmgle carnations may (bmetimes 
be converted into double ones. 

Method of obtaining Flowers of Different Colours^ 

on the Same Stem, 

* 

Scoop out the pith from a fmall twig of eldcr^ 
and having fplit it l^ngthwife, fill each of the 
parts, with feeds that produce flowers of difterent 
colours* Surround tl^m with earth, and then lying 
together the two bits of wood, plant the whole in a 
pojt filled with earth prppprly prepared. The ft6ms . 
of the different flowers will thus be fo incorporated, 
as to exhibiti^o the eye Only one flem, thrpwingout 
branches covered with flowers analogaus to the feed. 
'whicli produced them. By feleftii^g the {eeds of 
plants, which gerjn[iinate at the fame period and 
•which are nearly /imilar in regard to the texture of 
their flems, an intelligent florifl may obtain artificial 
plants e'xceedingly Curious. 

Crows. 

Thefe birds, though exceedingly ufeful pn ac- 
count of 'the havoc tliey mais^js aras)ng certain infcfls 
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that deftroy the corn, multiply fo fail, in fome 
countries, that they do much mifchief, particularly 
among the game. 

In the country, efpecially during a fall of fnow, 
the catching of crows may afford excellent amufe- 
mcnt. One method of cJtching them is as follows. 
Scrape nux vomica^ and having rolled fmall morfels 
of flefli in it, fcatter them ahout on the ground : 
the crows, attrafted by the flefh, will devour it, but 
they will foon after become intoxicated, and fall 
down as if dead. They will however recover from 
their intoxication, and if not fpeedily caught mvf 
fly away, 

Nux vomica is a mortal poifon to dogs, which 
cannot be cured but by making them, fwallow 
vinegar. 

As crows are exceedingly voracious, and fond of 
large beans, if a certain quantity of them ftuck 
through with fmall pins and needles be fcattered 
about on the ground, from which the fnow has been 
removed, their inteftines will be fo lacerated by 
them that they will foon die. 

Crows may be caught alfo by putting bits of flefli 
or beans into paper cornets, and then rubbing over 
the edges of the cornets with bird-lime : the cornets 
adhering to the heads of thefe animals ^vill fo Wind- 
them, that when they attempt to fly off", they will 
fall into the hands of thofe who are waiting to catch 
them. P a 
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This ingenious inventioil made a rapid progre£i 
111 a very (hort time, and indeed the cafe could not 
be otherwife at a period when natural pitilofophy 
was cukivated*by people of every rank, who mutu* 
ally exerted tbemfelves to contnbute towards bring- 
ing the difcovery to perfeftion. 

We {hall not here fpeak of the experiments 
which have been made on a large fcale ; nor of. the 
dreadful cataftrophe that befel two serial argonautSi 
whb acquired celebrity at the expence of their lives t- 
the aerial Voyages which have been undertaken 
might appear fabulous to pollerity, were they, not 
well authenticated in different works, which appeared 
about that time^ 

It muft however be allowed, that this difcovery - 
was purfued with great enthufiafiii as long as it wa^ 
believed that it could be of utility ; but the fize 
neceffary for thefe balloons, the expence they oc- 
cafioned, the danger of their catching fire and fud* 
denly burfling,, the impoffibility of direfting thern^ 
and the fmall weight . they were able to fupport^ 
ought to have Qiewrt that they cotild ferve for little 
more than experiments, which, though furprifing^ 
'Were dangierous to tliofe who attempted them/ 
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There are two kinds of balloons, and two 
methods of filling them: one is by heating, and 
thereby dilating, the air contained in them ; the 
other is by filling them with inflammable air, which 
is much lighter than atraofpfceric air. 

The firft kind are made of linen, and the fecond 
of filk, done over with gum, when intended for 
experiments on a large fcale ; but if they are def- 
tined merely for amufements, it will be fufficient to 
make the former of paper, and the latter of gold 
beaters leaf: that we may not deviate fron^the ob- 
jeft of this work we ihall here fpeak only of fmaU 
4)alloons. 

Paper Balloons, : 

As it is necelTary that thele balloons fliouU be 
exceedingly light, filk paper, which is very thin, 
and at the fame time not brittle, and which weighs 
no more than a dram^er fourth of a fq^uar^ foot, is 
employed : the leaft fize that can be given to them, 
is four feet in diameter, otherwife they would be' 
fpecifically heavier than the atmofphere, and would 
not rife. In order to give them a fpherical form, 
when feveral flieets of this paper have been cemented 
to the ends of each other, they muft be cut into the 
fhape of a fpindle, like thofe pieces ufed'for cover- 
Vig terreftrial globes. 

When cut into this fliape, join them two and two^ 
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?nd cut off, at one extremity the length of about 
i'2 or 1^ inches ; then cement them all together into 
one fpherical body, and border the aperture with a 
ribbon, leaving the ends, that you may fufpend 
from them the following landp. 

Conflruft a fmall baiket of very fine wire, if the 
balloon is fmall, and lufpend it in the aperture, fo 
that the flame of a few leaves of paper, wrapped 
together and dipp,ed in ol!, may heat the infrde of 
it. Before you kindle the paper, fufgend the baU 
loon in fuch a manner, that it may in a great mea- 
fure be exhaulled of air, and as foon as it ha^ been 
dilated, let it go, together with the wire baftet, 
which will ferve it as ballaft. Balloons of this kind 
will fometimes go the diftance of two or three 
leagues, fupported in the air at a very high elevation, 
as long as the paper continues burning. This amufe- 
ment ought never to be prafiifed when there is reafon 
to apprehend that there are any combuftibles in the 
neighbourhood, which the balloon may fet on fire ; 
though in general fuch balloons do not fail till the 
flame is extinguiQied. * 

Balloons of Gold-beater* s Leaf.' 

Thefe balloons may be made much fmaller than 
thofe of paper, not only becaufe they are much 

* These experiments ought never to be performed when 
corn is on the ground, even though there may be none jj^ 
be neighbourhood, T. 
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lighter, bulk for bulk ; bur becaufe the inflammable 
air, with which they are filled, has lefs weight than 
air dilated by heat ; yet they ought never to be lefs 
than a foot in diameter. 

The gofd-beater's leaf ought to be doubled^ and 
when cut into. the proper form, as above, fhould be 
cemented together with fi(h gliie, in fuch' a manner, 
as to leave no other aperture than a.fmall tube for 
introducing the inflammable air. You may eafily dif- 
cover whether the pieces have been clofely cemented, 
by introducing into it atmofpheric air, which will not 
fail to efcape if it finds any vent. Nothing is then 
neceflary but to fill the baUoon with inflammable in- 
Head of atmofpheric air, whic^ is fpecifically heavier 
than the former, in the proportion of 8 to 1 . For this 
purpofe^^you muft employ a large glafs flaflc, which, 
beOdes-'fhe common neck, has one alfo in the fide- 
Adapt to the upper neck a bent tube, the lower end 
of which muft be placed in a bafon of water to cool 
"the gas in its paffage through it. Over the orifice 
of the tiibe place an inverted funnel, and infert the 
tube of it into the orifice of the. balloon. When 
every thing has been thus arranged, introduce into 
the flaik, through the lateral neck, four or five 
drams of the filings of very pure iron, and a fuflS- 
cient quantity of fpirit of vitriol, mixed with one 
third of water. The inflammable air, extricated by 
the effervefcence, will pafs throngh the tube and th« 
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.water into the funnel, by which means it will be 
conveyed into the balloon, and, being much lighter 
than atmofpheric air, will gradually expel the latter 
from it, and affume its place : the balloon will thus 
become fufiiciently light to rife fpontaneoufly into 
tbc-atmofphere. 

The apparatus above defcribed, is fufficient for 
filling balloons i2 or 15 inches in diameter; but. if 
they are large, like thofe of Blanchard or Pilatre-de- 
Rozicr, &c, the apparatus muft be of a proportion- 
able frae. 

As the form of balloons is a matter of indifference, 
provided the air they contain, added to the weight 
of the fubilance whicfi confines it, be lighter than 
an equal volume of atmofpheric air, they may be 
made to reprefent Sying dragons, winged horfes, 
&c. But in thefe cafes, the .amufement th^y afford 
is of ihort duration, as they foon get out of fight : 
to render this amufement agreeable, they ought to 
maintain themfelves at fuch a moderate elevation , 
that they can be eafily diftinguiflied. « 

To colleB the Injlammable Air of the MarJIies, 

Take a common bottle full of water well corked, 
end haviog niziic a rpund hole in the cork, introduce 
into it the tube of a glafs funnel, feven or eight 
inches in diameter, in fuch a manner, that the water 
in the bottle can iffue from it only through that tube«L 
Invert the bottle in the ftagnaut w^er, which covers 
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%Mae tnarfli, and A^r the mud round tb^ funnel by 
means of a-fliarp poifilted Stick, or rod of iron : in- 
flammable air, havingtbe fame qualities as that above 
fneationed, will then rife iato the bottle. 



THE MAGNET. 

The magnet is a metallic done, generally of a 
greytfh or a blacki(h colour, t:ompa£):, an4 exceeds 
ingly ponderous, which is found for the noft 
part in iron mines. It aiFefis no peculiar form, and 
externally has nothing that diflinguiihes it from the 
meanefi pit>du6lions of the bowels of the earth. 
But its property of attrafling.or. repelling iron, and 
pf pointing to the north, when at freedom, to move> 
gives it a diftinguiflung rank among the (nofl fingular 
pbje3t of^ nature. 

This done, ftri£lly fpeaking, is only a fort of 
iron ore, but belonging to that clafs called popr^^ 
^ecaufe it contains but '^ fmall quantity of n*etaL 
Me^alluiigifts have indeed been able to extra£l iron 
from it; hut, befides its being difficult of fufion, 
the metal is ii\ fuch fmall quantity, that i^ woul^ 
l»t pay foi the labour of working it; 
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Why then is not every kind of iron ore magnetic ? 
This is a queftion which, in my opinion, has never 
yet been anfwercd* The reafon of this, no douht^ 
is fome peculiar combination of the iron with cer- 
tain heterogeneous bodies. It is not improbable that 
it may contain fome principle, which does not enter 
into the compofition of the oAer ores of that metal ; 
but it is nor impojible'that chemiftry may one day 
difcover in what the combination confifts. 

The firft difcovery of the fecrets of nature does 
not always unveil all their wonders. In general, 
we are able to penetrate into caufes and efFefls only 
by deep refcarch, and repeated experiments. Such 
))as 'been the cafe with the magnet : only one qua. 
lity, that of attrafling iron, was at firft obferved in 
it ; and it was not till towards the i4th century that 
its other properties, and particularly that of turning 
towards the poles, and of communicating its virtue 
to ftecl, were difcttvered. This .happy difcovery^ 
one of the moft important of modern times, gave 
rife to the invention of the mariners compafs, 
without which it would have been impoffible tq 
undertake long fea voyages. 

But the magnet, like many other extraordinary 
things, has given rife to ridiculous tales and fables 
filled with falfehoods and abfurditics^ We aretoJd, 
for example, that Mahomet's coffin, faid to be of 
iron, is fufpendfed in the air by the attraftive virtue 
®f amagoet. This fable^ contradifted by all thofe 
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Who have been at Mecca and Medina, is founded on 
what Pliny relates of the architeft Dinocrates, who 
propofed conftrufting at Alexandria a temple arched 
with magnets ; in order that he might fufpend from 
them the tomb of Arfinoe, the fifter of Ptolomy, 
whom that prince wifhed by thefe means to immor- 
talife; the death of Ptolemy, and that of Dino* 
crates, prevented the execution of this chimerical 
projeft. 

Among thefe fables ought to be clafled what is 
related by Serapion, who pretends that the magnets 
found in great abundance in the bowels of the earth, 
ftojfi veffels in full fail, and attra£l the nails with 
which they are conftrufted, fo as to make theta 
drop out. 

Various authors have afcribed to it, virtues ftill 
more marvellous, by pretending that it has the power 
to expel demons ; and it is not long fince fome en- 
thufiafts maintained tfiat the magnetic fluid, the 
nature of which will perhaps never be known, is 
able to cure different maladies. 

Famianus Strada however advances a ftlll greater 
abfurdity, when he tdh us, that by the virtue of 
this mineral, it is poffible to correfpond with our 
friends, even when at a great diftance. This rifi* 
culous fi6);ion, revived a few years ago, is indeed 
founded on fo"^e probability ; for we are taught by 
experience, that by means of a magnet two friend*, 
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in different chambers, may correfpond together, 
.i ' even when feparatcd by a ^partition half, a .foot 

thick ; but this. is irapoffible at a greater diflance, or 
beyond the fphere of the magnetic attraftion. 

It is certain that the magnet has long been em- 
ployed in various amufements, more or lefs agree- 
able, and which to fome have appeared to border on 
the marvellous. As a proof of this, we (hall men- 
lion a faft related by St. Auguftine, who tell us, 
that being one day at the houfe of a bij(hop, named 
Severus, he faw him take a magnet, and hold it 
below a filver plate^ containing a bit of iron, which 
exaQly followed sj) the movements of the hand that 
held the magnet, and put it into motion : he then 
adds, that at the time he was writing, he had before 
him a vcjflel filled with water, placed on a table^ 
and that a, needle fufpended on the water moved 
from one fide to the other, according \o themotioj^ 
5 wliich he gave to a magnet under the tabj,e. 

We are informed by Baptifla Porta in his Magi0 
naturalise that fome jugglers of his time took ad-, 
vantage of thi$ property of the magnet to impofe on 
the credulity of the populace, by having a bafon 
inCcribed round the edge with different Words, whicji 
i^arwtA as anfwers to quellions propofed to th^ra bj^ 
^he fuperftitions, refpefting future events. 

Souchi de Rennefort fays, in his work, among 

. the tricks exhibited to the populace by jugglers an^ 

mountebanks, it is common for tli^m to jbew ^mag^ 
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^etic needle concealed in apiece; pf code, floating 
iti a bafon of water, which without being touched 
by any one, moves up and down according to the 
movement of a magnet, held below the bafon, and 
direftect by the h^nd. 

The fame thing is done at prcfent, but in a mor^ 
ingenious mzuiner, Jn the cabinet of that learned 
mechanic the Marquis de Servieres was a clock^ 
having in its cent;"e a bafpn filled w^th water ; and 
an artificial tortoife, placed in the bafon, always. 
pointed out the hour^, being moved by means of a 
magnet properly adapted. Something of the fame 
Jcind is mentioned by the Abbe Nollet, who fpeaka 
of a clock, where the hours were indicated by an 
iron fly, which followed the. motion of a loadftone^ 
(Eoncealed under the dial-plate. 

We have .heard alfo of a fyren, which by an ap* 
plication of the magnetic virtue different w^ys, prp* 
duced amufements which exhibited a very extraor** 
dinary appearance. 

THefe amufements haying be^n attended with great 
fuccefs, on account of the wonder they excited^ 
different kinds of them, mdTQ or lefs agreeable, al) 
founded on the fame principle, have been invented^ 
But it would be erroneous to believe that they have 
given rife to the difcovery of any new property ii| 
the magnet. All thefe wonderful effefls are pro- 
djiced by properties whicb hskVQ been, long kuQwn^ 
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and are the refult of a difibrem application of tlie 
fame principles. 

DircSion of the Magnet. 

A magnet, or magnetic needle, fufpended freely 
on a pivot, always dire£ls one of its ends towards 
the north, and the other towards the fouth. The 
magnetic matter which, according to the opinion of 
. vaiious philofophers, flows without intermiflion 
from the one pole of the earth to the othej*, gives 
this direftion to the magnc, or magnetic needle. 
Huygens accounts for it, by confidei ing the fmall 
particles of the magnetic matter as fo many fmall 
dartSy and the pores of the magnet compofed of a 
multitude of fmall tubes, the interior furface of 
which is furnifted with inclined flexible parts, 
always ready to rife up and oppofethe return oi the 
magnetic matter. 

Magnetic Attra&ion. 

If the north pole of a magnet, or magnetic har of 
iron, be prefented to the fouth pole of a magnetic 
needle, the needle will be attra&ed, and join itfelf 
to the magnet. The magnetic fluid, which iffucs 
with great velocity from one pole of each cf thefe 
bodies, finds freeingrefs into that of the other. . 
' On the other hand, if the fouth pole of a magnet 
be prefented to the fame pole of a magnetic needle, 
the latter recedes, turns round, and becomes agi- 
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tated, until it prefents to it the north pole. The fame 
thirig takes place when the north pole of the magnet 
is prefented to the fame pole of the needle : it re- 
cedes, in like manner, and at la ft prefents to it the 
fouth pole. Thus the poles diftinguiflied by diffe- 
rent names, attra3 each other, and thofe of the fame 
name repel each other : the former are called friendly 
poles; the other hoflile poles. Thefe effefts cai^ 
neither be prevented nor even dimini{hed by the 
interpofition of any body, except iron. 

Communication of the Magnetic Virtue* 

If a needle, or a thin plate of well tempered fteef, 
be drawn gently over the north or. fouth pole of an 
armed magnet, or magnetic bar of iron, moving it' 
from the one end to the other, always in the fame 
dire3ion ; this needle or plate will alfo become a 
magnet, having poles, and the fame virtue as the 
magnet itfelf. 

If the needle be afterwards moved in a contrary 
<Hre£lion, bver, the fame pole of the magnet ; it will 
immediately lofe its virtue ; but if you continue to 
move it in the fame dircflion, it will refume its vir- 
tue, with this difference, that the fouth pole becomes 
the north pole, and the north one the fouth. 
* Needles, or plates of fteel, rendered magnetic by 
the above procefs,* will retain their virtue for feveral 
years, though it gradually decreafes ; but this de- 

>preafe is often ^ccafipned by ncglefting to keep 
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them always in the direAion of the ma^netM? .flui(^ 
which proceeds f/om oi^e pole to the other, or by 
their acquiring ruft,, which lefTens their magnetic 
laroperty : it may, however, be reftorefl by poliihingi 
juxd again fubjefling them to the fame operation. 

DectintUion of the Magnetic Ncedk. 

• We have already (hewn, that a magnetic needJe, 
freely fufpended, alwajs direfls itfelf towards the 
poles ; but this direction varies feveral degrees, and 
this variation is called the needless dech'nation. 

The declination is not the fame in every part of 
the globe ; and it even varies at different times in 
the fame place ; fometfmes it is eaft, and fometimes 
weft. The cat.fe of this variation has ntvtt yet been 
difcovered, and it would be ufelefs to enlarge on it 
here, as it has no relation with philofophical amufe- 
ments, the fingul.»rity of which depends 0»ly M 
tbeunagnetic virtue. 

Inclination of the Magnetic Needle. 

The inclination of the needle* Is the tendency i| 
has, when fufpended, to deprefs itfelf ^Qwards the 
poles. A fteel rod fufpended on an axis, in the 
fame manner as a balance,, and brought into perfieft 
equilibrium before the magnetic virtue is commuai* 
cated to it, does not preferve that equiUhriura after 
it has been rendered magnetic. It feems th^ep t9 b^ 
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riiore ponderous on the fide towards the nearefl; pole^ 
and it inclines towards it in proportion as the lati^ 
tude increafes ; at London, for example, it incline* 
about 60 degrees towards the north ; if the fam« 
needle were removed to the equator it would be 
in equilibrium, and placed beyond it it would in- 
rline towards the fouth. 

The fame effeft takes place when a needle is held 
lufpended in a firnilar manner above, or is placed 
by the fide of a magnetic bar of iron : if it be placed 
towards the middle, or what reprefents the equator 
of the bar, it will remain in a horizontal pofition 
parallel to the bar ; and it inclines or approaches itt 
more and more, according as it is removed from 
that place, and advanced towards either of the poles 
of the magne^c bar.;.fo that if the bar be much 
longer than .the needle,, when 'the extremity of the 
needle comes near that of the bar, it will place 
itfelf in a vertical dire6Uon, that is to fay, perpen» 
dicular to the bar. It muft here be obferved, that ia 
this experiment, the axis muft pafs through the 
needle in a horizontal direftion, when it is placed 
above the bar, in order that by thefe means it may 
have full liberty to incline itfelf. 

On*the Choice of Magnets* 

Thebeft, and moft valuable magnets, are thofe 
which, being of equal fize, are capable, after they 
have been armed, of raifing the greateft \^eight : 
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the difference between them is fo great, that the at- 
traftive force of (bme is a hundred times as great as 
that of others. It is very common to find mag- 
nets which, when -armed, can raife five or fix times 
their weight: but their llrength is rarely increafed 
fo much as to be able to raife a hundred times 
their weight. 

Whatever ftrength thefe armed magnets may have, 
they are fcarcely of any ufe for communicating the 
magnetic virtue. Bars of iron or artificial magnets, 
communicate the magnetic virtue much better, and 
by their help a very great number of bars of fteei 
may be rendered magnetic, which could not eafilf 
be done by the heft magnet. For the method oi 
communicating the magnetic virtue to bars of every 
fize, we are indebted to Mr. Knight, who made 
known his procefs to the Royal Society. 

Jdetkod of ConJlruBing and Magrutifing BarSy and 
Bundles of Bars^ neceff'ary for communicating tm 
magnetic virtue to Artificial Magnets^ which mO') 
he employed for various Amufements. 

Caufe to be forged a dozen of fteel bars, eight 
inches in length, feven or eight lines in breadth, and 
two in thicknefs ;' polifli them on the fides, and let 
the two extremities be filed exaftly fquare. After 
they have \>ttn thus prepared, bring them to a red 
heat throughout in the fire, and then temper them, 
without making them too hard ;. obferving, at the 
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fame time, every nQceffary precaution to prevent 
them from being bent. v • 

When thefe bars are well tempered, they muft be 
again polifhed by means of a grindftone, and by 
applying them afterwards to a ftone of a fofter 
nature. 

Before they are tempered, care muft be taken to 
mark, by a notch with a file, that fide of the bar 
^ dellined to become the » north, in order that there 
may be no miftake when they are magnetifed. 

When this operation is finifhed, join the twelve 
bars together, by means of two rings of copper, 
taking care- to feparate them by a fmall wooden 
rule, and to place fix on the one fide of it, and fix 
on the other, in fuch a manner, that their extremis 
ties may be in alternate order, that is to fay, a north 
and a fouth.always placed together. 

When they are thus arranged, and well fattened 
together by means of the copper rings, poliih them 
again by a cutler's wheel and emery. Then mark 
the order in which they are arranged, that you may 
be able to place them in the fame manner when they 
are magnetifed ;. and it is of eflential importance 
that the ends of none of them proje£l beyond the 
Other. 

Caufe to be made alfo two plates of foft iron, of 
the fame breadth as the bundle of bars, which may 
cover all their extremities, and let them be half an 
inch in thicknefs ; Thefe plates will adhere llrongly 
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to the magnetic bars, and contribute to preferve 
their virtue longer. To one of thefe plates may be 
affixed a hook, for the purpofe of fufpending from 
It fome weight, which, will tend to'increafe ih 
magnetic force, provided the burthen it has to fup- 
port does not gradually increafe as the force b 
augmented. 

Remove the rings which keep the bars together, 
and arrange them end to end, fix of them at a time 
in the fame line, and in fuch a manner that fimilar 
poles may ifot correspond ; then draw a good artu 
ficial magnet along the whole line, obfcrving that 
the fide of the magnet which ought firft to pafs 
over it muft be of tlie fame, name as the pole cor« 
refponding with the extremity of the line ; that i^ 
to fay, if the fouth pole, for example, firit prefents 
itfelf, the fouth pole of the magnet muft be the firft 
drawn over the bars. 

When the artificial magnet has been drawn ovef 
them ten or twelve times, backwards and forwards 
alternately, the fame operation' muft be performed 
on the other fide of them. 

Then take one of thefe bars, and try to fufpend 
.from one of its extremities another of them, by pre* 
fenting their contrary poles to each other ; if one of 
ijbem raifes another, and the latter a third, they are 
fufficiently Qiagnetifed; and by forming them into 
a bundle, they may be employed for communicating 
iQ^^netic virtue to the other fix«. 
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As the latter fix will have more ftrength thaa 
the former, they ought to be ufed for magnetifing 
the former . a fecond time ; if, notwithftanding this 
precaution, you find that, they continue weaker, it 
will be of no avail to endeavour to magnetife them 
farther^ as the defi<:iency muft be owing either to 
the quality of the fleeli or to fpme fault in the 
temper* 

When you are well aflured that the bars have 
been fufEciently magnetifed^ they muft be bound 
clofely together in a bundle as before, and armed 
with their platel above mentioned* 

Such magnets are fufiicient for communicating 
the magnetic virtue to bars of eight or ten inthes * 
m length ; but for bars of eighteen or twenty inchesi 
the bundle employed ought to confift of a greater • 
number* 

It is to be obferVed, ifl. That wh^n a bundle is . 
formed, there muft always be an even number of 
bars, divided into two equal portions by a flip of ' 
Wood, two lines in thicknefs* 2ndj That thebar^ 
on the one fide muft lie in a contrary dire&ion to 
thofe on the other ; that is to fay,, if the one have 
always their fouth poles turned upwards, the others 
muft haVe theirs turned downwards. , 

Method of CommUnicaiing thi Magnetic Virtue to d 
Bar of Steel, without the htlp of a natural or gjt 
nrtifieial magnet*  
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Provide a plate of untempered fteel, about three 
inches in length, three or four lines in breadth, and 
half a line in tliicknefs. Then take a fliovel and a 
puif of tongs* (the more they have been ufed, and 
the larger they are, fo much the better) ; hold the 
fliovel vertically between your two knees, aifd fix 
in it the plate of fteel in fuch a manner, that the ex* 
tremity deftined for the north pole may be turned 
downwards : in order that it may not be difplaced, 
it will be proper to* tie it to the fliovel with a filk 
firing. Then take the tongs, and, holding them 
nearly in a vertical direftion, rub the plate with their 
extremities, proceeding always from the bottom up- 
wards. When this operation has been performed 
twelve or fifteen times, on both fides of the plate, 
it will have acquired fufficient magnetic virtue to 
raife fmall nails by its lower extremity. This dif- 
covery was made by Mr. Canton. 

It may be readily conceived that when fix or eight 
plates have been magnetifed, they may be formed 
into a fmall bundle, for communicating the magnetic 
virtue to larger xm^s, which may be employed ta 
give the like property to others of ftill greater fize. 

How to Lifcovtr the Poles of a Magnet. 

If a magnet he held horizontally over a piece o{ 

* Fire irons which usually stand at the side of the chim^ 
pey answer better than those which are allowed to lie on iJtf 
feeder. T. 
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paper, covered with iron filings, you will obferve 
two places almoft diametrically oppofite to each 
other, where the filings are more crowded, and 
where the fmall oblong fragments ftarid on their 
ends, as it were, while in every other part they lie 
on their fides. 

This experiment will enable you to difcover the 
poles of the magnet. Every magnet indeed has two 
poles, or two oppofite points, which, as we fliall 
fhew hereafter, poffefs difierent and peculiar pro- 
perties. One. of thefe points is called the north 
pole, and the other the fouth ; becaufe, if the mag- 
net be freely fufpended, the former \yill turn of 
itfelf towards the north, and the other confequently 
will point towards the fouth. Thefe points mull be 
afcertained in a magnet, before any experiments ar^ 
made with if. 

The produBio7i of New Poles in a Magnet^ and one 
Pole Changed into Another. 

If a. magaet, or a magnetic bar, be cut through 
in a dire6lipn perpendicular to its axis ; that part of 
it towards; the north pole of the magnet, or bar, 
will acquire a fouth j)ole, arid the other will acquire 
a north pole. . . 

, The poles may eafily be changed by the following 
experiments. If you prefent to a needle, freely 
fufpended in water, a magnetic bar, the needle 
^vill be attracted by it ; but it the bar be fubjefted 
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cold to a violent blow, by ftriking it in & perpendi* 
cular direfiion on an anvil,' the needle will be re* 
pelled by the fame end that before aCtra£led it ; 
which could not be the cafe unlefs the one pole 
were converted into the other* 

The rccreatioils, founded on the ttiagnetic virtue, 
are too extenfive to be introduced into this colleAioii* 
What we have laid i^ill be fufficient to exercife the 
curiousi ^d to enable them to invent amufemems 
ihemfelvcs, or, at any rate, to difcover the pretended 
wyftcryof thofc exhibited by jugglers* 



Tlifi LEARNEb SPAJlIELv 



A learned fpiniel, which maintained phildfophicil 
ihefis in Ejiglilh, French, and Latin,- was exhibited 
about twenty years ago at York. It may readily be 
conceived that the animal did not fpeak thefe lan- 
guages ; but he feemedj at leaft, to underftani' 
them, fince, if afked any queflion in them, he al- 
jvays replied by fignsj either fhaking his head 16 
exprefs yes or no ; or pawing With his foot to indii 
Cate numbers or letters, which when joined togeUid ' 
formed the required ainfwtr; 
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. • Tteee circumftiinces occurred to excite the afto- 
nilhment of the fpe6lators, who were attra£led in 
great numbers by the celebrity of this animal, ift. 
He continued to give pertinent and proper anfwers> 
even when his mailer retired from the exhibition- 
#Qom» or defircd all thofe to retire who were fuf- 
pe£led of making figns to the dog to indicate the 
anfwer. 2nd, He returned anfwers equally proper 
when blindfolded, to prevent him from obferving 
any figns » 3d, He generally advanced the moft 
lingular paradoxes : At firft no perfon in company 
agreed with him in opinion, yet after a variety of 
objeBions, anfwers and replies, he was always aU 
lowed in the end to be right. 

To prove that the epithet given to this learned 
animal, was not altogether misapplied, we (hall herd 
relate a kind of converfation which took place be* 
tween the fpaniel and two or three learned perfons 
in company. 

A failor firft afked him how many arches there 
were in Weflminfter-bridge. The fpaniel replied, 
by drawing his foot over the number 15. He was 
then afked how many arches there were in the Pon- 
tus Euxinus. Here thfe dog paufed, as if he had 
conceived himfelf infulted by fuch a'queftion, and 
as if defirous of applyii^ the proverb, " a foolilh 
quellion defer vcs no anfwer." Being commanded 
however by his mailer, to fatisfy the perfon who 
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had interrogated him, he replied, that the Pontui 
Buxinus had no arches, and he exprefled this very 
clearly by placing his foot on a cypher* The 
fiilor then faid that the preceding year he had made 
a very happy voyage, in fix weeks, from the Pontus 
£uxinus to London-bridge. The fpaniel, finding 
nothing very wonderful in fuch a voyage, placed 
his foot on different letters, forming a very laconic 
anfwer, which fignified, when explained by hh 
mailer, that fome navigators had made a voyag^of 
600 leagues in half a d^. ** That- is impoffible," 
faid the failor, " no air balloon has ever yet been 
able to traverfe fuch a fpace in fo &ort a time." 
•• I do not fay," returned the fpanilel, by the help 
of his interpreter, " that an air balloon Wad em- 
ployed for that purpofe: I fpeak of a voyage by 
fea." 

The failor then faid^ that by fea it was ftill hoft 
impi'flible, becaufe as the faftefl failing veflel wettt 
at the rate of no more than about five leagues per 
hour, it could never make a voyage of 600 league 
in half « d&y. 

The animal pcrfifted in maintaining its affcrtion, 
and the failor was goi:^g to lay a confiderable bet, 
"when the fpaniel and his maAer added, that they 
had performed this voyage in a country where they 
had kindled fire with ice. 

•* If you are defirou*. of fhewing your erudition," 
replied the failori ** do jiot, I beg of you, utter fo 
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uiztiy abfurdities." The mafter of the fpanlel then 
addrefling the animal, faid ; '* Tell us, my friend, 
•is it not true that a fire can be kindled with a piece 
of ice, if it be cut into the form of a lens, fo as to 
coiled the fan's rays into a focus, and to projeCt 
them on a fmall heap of gun-powder?'* The 
Animal, which was blindfolded, nodded with his 
head, to (ay yes ; as if he had fully comprehended 
the queftion prc^ofed to him. 

*• The dog, on this point, is right" faid the fax- 
lor ; V* but it does not prove that a journey of 6oO 
leagues can be performed in half a day." " Why 
not,'* replied the dog by the mouth of his mafter« 
•* if it be in a country where in half a day there ar^e 
360 hours." *' In what climate," faid the failor, 
much furprifed, and beginning to perceive the 
truth of his reply. The fpaniel mentioned the 
frigid zone. " In that zone," faid bis mafter, ** the 
days indeed are of different lengths, from 24 hourft 
lo fix months. If Captain Cook," added he, ** when 
he failed beyond the polar circle baH followed a 
parallel, where die day was only a month long, he 
might, in half a day confiding of 360 hours, have 
traverfed the fpace of 600 leagues." 

The faiior being defirOus to difficult the fpaniel 
ftnd his mafter, in his turn, afked them if they 
knew a place where the fun and moon might rife at 
^e fame hour, and even at the fame inftant^ when 
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thefe two luminaries are in oppofition, that is to 
fay at fuIJ moon. The animal and liis mafter re- 
plied, that it was at the pole ; adding, that in the 
fame place the fun was always on the meridian, be- 
caufe every point of the horizon was fouth to the 
inhabitants, if any, at the pole. 

A lawyer, who was prefent, difputed a long time 
againil the fpaniel, becaufe the latter pretended that 
a man who died at noon, might fometimes be the 
iieir of another, who died the fame day at half aa 
liour after twelve. Though various laws were 
quoted from the Digefia and the Juftinian code, 
Vhich declare that the heir muft fiirvive the teftator, 
the fpaniel proved that the aCFertion was perfeftly 
agreeable to thefe laws ; hecaufe the perfon who 
died at noon might, in certain circumftances, have 
furvived him who died at half after twelve : this 
would be the cafe if the firft died at London, and 
the other at Vienna. 

A third perfon propofed the following problem, 
•* A countrywoman having gone to market to {ell 
chickens, met witt a cook, w!\o bought the half of 
what {he had and the half of one more, without 
killing any of them. She then fold to a fecond 
cook the half of thofe remaining and half a chicken 
more, alfo without killing any, and afterwards the 
half of the remainder and half a chicken more to a 
third cook, ftill without killing any. By tJbefe 
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fneans the country-woman fold all her chickens: 
how many had (he ?" 

The fpaniel replied that flie had feven : that the 
firft pu^chafer took four, that is to fay three and a 
half plus one half, without killing any ; that the 
fecond had taken two, that is to fay one and a half 
plus a half ; and, in the laft place, that the third 
had taken one, that is to fay, one half plus a 
half. 

It now remains for us to explain, how the ani- 
mal, without any vifible fign being made to him, 
could return anfwers to the queftions prqpofed to 
him. The reader muft know, that the letters and 
figures were placed on fo many pieces of card, 
arranged in a circular manner around the animal ; 
that he moved round the circle as foon as any quef- 
tion was propofed, and that levers concealed under 
the carpet on which he walked, and vhich were 
made to move undej his feet by means of ropes, 
indicated to^him the cxaft moment when he ouscht 
to flop, to place his foot on the neareft card. He 
was fo well habituated ta hit the card next to him 
when he felt the levers move, and to give an affir- 
inativeor negative anfwer by the motion of his head, 
according as his matter or any confederate altered the 
tone of his voice, that he never once erred. 
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THE COOLING OF LIQUORS. 

« 

In warm countries, fuch as India, Perfla, and 
other parts of Afia, it is ncceJTary, on account of 
the great heat, to dcvife means for cooling thofe 
liquors ufed as beverage. Of all the methods 
hitherto employed, the moft natural is, to furround 
the veflels containing the liquor with ice ; but as it 
is often impoflible to procure it, the veflel with^thc 
liquor to be cooled may be hnmerfed in water, in 
which fonfie fal ammoniac has been diflblved : as 
this fait, of all thofe foluble in water, is that which 
cools it moft, it is exceedingly proper for cooling 
any kind of liquor ufed for drinking. 

As the deamefs of this fait, however, may often 
prevent it from being employed, recourfe may be 
bad. to the Indian method, which confifls merely 
in wrapping wet cloths round the bottles containing 
,the liquor ; expofing them to a current of air, and 
moiftening the cloths as they become dry. This 
procefs ^ill render the liquor fuflSciently cool to 
moderate the ftifling heat which we fometimes ex* 
perience in our own climates. 

This curious phenomenon is produced by the 
evaporation of the water with which the cloths are 
moiftened; the more evaporable therefore liquors 
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are, the mort cold they produce. Water inclofed 
ia the bulb of a fmall thermometer, ,may be con* 
gealed by wrapping round it a rag dipped in.etber^ 
the evaporation of which will be accelerated if it be 
^itated in a circular manner. 

According to Chardin, there are fome cities in 
Perfia and Egypt, where the chief branch of trade 
confifts in the fale of veflels ^ made of a kind of 
porous earth, which promote the evaporation of a 
fmall quantity of water contained in them, and main- 
tain coolnefs by means of the conftant moifture 
which prevails on their exterior furface. Travellers, 
by meians -of thefe vefTels, are always enabled to 
have the pleafure of drinking cool water. 

By obferving wh^t fubftances, when mixed with 
ice, produce the gr^ateft degree of cold, it has been 
found poflible to freeee mercury. This experiment 
•proves what before was only fufps^led, tjiat mer- 
cury is a metal folid by its nature, but fufible at fp 
Jow a temperature, th^t it always h^ ja fiiflfiqient 
.^gree of heat to remain in a ftate. of fufion. 

Method of Cooling Liquors at Sea. 

Captain Ellis, by the help of a fms^l calk, con- 
firufied in fuch a manner, as to t4ke up a quantity 
of fea water from any depth at pleafure, found th^t 
at a certain depth, the water was falter and confi- 
-d^bly heavier. Water drawn up from the depth 
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of a thouiand fathoms, kept Fahrenheit's thenflib-r 
meter at 53 degrees ; whereas that at the furfacc 
kept it at 84. People at fea, who are expofcd to 
many inconveniencies, may in confequence of this 
difcovery procure cool beverage, when in hot cli- 
mates, by letting down to a certain depth in the 
fea, the veffcls containing the liquors which they 
ufc.. 
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ASTRONOMICAL PARADOXES, 



The heavenly bodies are never feen in the place 
.where they really are : for example, the whole face 
of the fun is fecn above the horizon after he M 
fet.  

Though this has the appearance of a paradox it is 
a truth acknowledged by all aftronomers, and which 
philofophers explain in the following manner : 

The earth is furrounded by a fluid, to which we' 
give the name of atmofphere. As the light by 
which we fee the heavenly bodies, does not reach 
our eye but by continually paffing from a rarer into 
a denfer medium, it muft neceflarily come to us 
in a curved line. But as the apparent place of the 
objefts will be to us in the prolongation of a tan« 
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gent to this curv^, w^e muft therefore fee them- 
nearer the zenith than they really are ; and this dif- 
ference, between the real and the apparent place, 
will be greater the nearer the body is to the horizon, 
becaufe the rays then pafs through a greater fpace of 
the atmofphere. 

Aftronortiers have found, that when the body is 
on the horizon, this refraftion is about 33 minutes j 
therefore when the upper limb of the fun is in the 
horizontal line, fo that if there were no atmoCi 
phere he would feem only beginning to peep over 
the horizon, he appears to be elevated 33 minutes^ 
and as the apparent diameter of the fun is lefs than 
33 minutes, his lower limb will appear to touch the 
horizon. Thus the fun is rifen in appearance, 
though he is not really fo, and even when he is efin 
tirely below the horizon. Hence follow feyeral 
curious confequences, which it is proper to be re- 
marked. 

ift. More than one half of the celeftial fphere is 
always feen, though, in every treatife on the globes, 
it is fuppofed that we fee only the half ; for, bcndcs 
the upper hemifphere, we fee alfo a band round the 
horizon of about 33 minutes in breadth,- which 
belongs to the tower hemifphere. 

2d. The days are every where longer, and the 
nights (horter, than they ought to be, according 
to the latitude of the place ; for the apparent rifing 
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«f the fiin precedes the real riftng, aad the apparent 
fettiiig follows the real fetting ; therefore though 
the quantity of day and night ought to be equally 
balanced at the end of the year, the former exceeds 
the latter in a confiderable degree. 

3d. The effe£l of refra£lion» above defcribed^ 
ferves alfo.to account for another aftronomical para- 
dox, which is as follows : 

The moon may be feen eclipfed even totally and 
centrally, when the fun is above the horizon. 

A total and central eclipfe of the mooo cannot 
take place, but when the fun and moon are dirtily 
cppofite to each other. We.here fuppofe that the 
reader is acquainted with the caufes of thefe pheno- 
mena, an explanation of which may be found in 
every elementary work on aftrononiy. When the 
centre therefore of the moon, totally eclipfed, js in 
the rational horizon, the centre of the fun ought to 
be in the oppofite point ; but by the effeft of re- 
fraSJon thefe points are raifed 33 minutes ^bove. the 
horizon. The apparent fcmi- diameter of the fua 
and moon, being only about 15 minutes, the lower 
limbs of both will appear elevated about j8 
minutes. 

Such is the explanation of a phenomenon which 
muft ts^ke plaic at every central eclipfe of the 
moon ; for there is always Ibme place on the earth 
where the mooo is on the horizon at the middle gf 
the eclipfe. 
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4th. Refradion enables us to explain ajfo a very 
common phenomenon, viz, the apparent elliptic 
form of the fun and moo^ when on the. horizon ; 
for the lower limb of the fun correfponding, we 
Ihall fuppofe with the rational hprizon, is elevated 
23 minutes by the efFcft of refraftion; but the 
upper limb being really elevated 3P minutes -this 
being nearly the apparent diameter of that lumipary 
at its -mean diftancesj is elevated in appearance by 
refraSion no^ more than 28 minutes above its real 
. altitude ; the vertical diameter, therefore, will ap- 
pear (hortened by the difference between 33 and 28, 
that is. to fay 5 minutes; for if the refraftion of 
. the upper limb were equal to that of the lower, the 
vertical diameter would be neither lengthened nor 
fhortened. The apparent vertical diameter will thua 
be reduced to 28 minutes. But there ought to be 
no fenflble decreafe in. ihe horizontal diameter, for 
the extremities of this diameter are carried only a 
little higher in the two vertical circles pafling 
througb them, and which, as they meet only in the 
zenith, are fenfibly parallel. The vertical diameter 
then being contra£led, while the. horizontal dia- 
meter remains the fame, the refult muft be, that 
the diflcs of the fun and moon will apparently 
have an elliptical -form. 

,5th. There is always more than one half of the 
earth, enlightened by a centrarUlumination, that is 
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to fay, by an illumination the centre of which is 
vifible; for if there were no refraftion,. the centre 
of the fun would not be feen till it corre/ponded 
with the plane of the rational horizon ; but as the 
jrefraflion raifes it about 33 minutes, it will begin 
to appear when it is in the plane of a circle parallel 
lo the rational horizon and 33 minutes below it. 

There is therefore a central illumination for the 
whole hemifphere, plus the zone comprehended 
between that hemifphere and a parallel diflant from 
^t 33 niinutes ; and there is a complete illumination 
from the whole di(k of the fun to thefame hemif- 
phere, and the zone comprehended between the 
border of it ajid a parallel about 18 minutes belo;^ 
the horizon. 



ANIMAL MAGNETISM. 



There are a thdufand pretended fecrets, whicR 
, have no other foundation than the avarice of a few 
needy enthufiafts, the blind zeal of their difciples, 
and the ftupid ignorance of thofe who are fond of 
novelty. When fubjeSed to the impartial teft of 
reafon and experiment, they vanifli like fub (lances 
^ incapable of ftanding the proof of chemical analy£s* 
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The univerfal panacea, the unextinguifliable lamp, 
the perpetual motion, the ma!leahi4 v of^glafs, the 
philofophers ftone, and the quadrature of the cir- 
cle, no longer prefent themfe ves to the mind but as 
objefts whicK expofe to ridicule thofe who have 
facrificed their time or property in the purfuit of 
thefe chimeiical difcoveries. Even air-balloons, 
fo much boafttd of throughout Europe, feem to 
have been buried in the fame grave along with 
Pilatre-des-Roziers. 

Animal Magnetifm, which Mefmer and his dupes 
found means to bring into fome credit, exifts no 
longer but in the imagination of a few quacks, firice 
a learned commiflion applied the torch of reafon 
and accurate invefligation to its pretended wonders. 

ExtraB from the Report of the Commijjioners ap* 
pointed by Louis XVL to examine Animal 
Magnetifm. 

On the 12th of March 1784, this prince appointed 
Meffrs. Borie, Lallin, Darcet, and Guillotin, mem- 
bers of the faculty of Paris, to examine the animal 
magnetifm, praftifed by M* Deflon, and to give in 
a report to him on the fubjeCl ; and in confequence 
of a requeft made by thefe phyficians, his Majefty 
appointed five members of the Academy oF Sciences, 
Meffrs. franklin, Leroi, Bailly, de Bory, and La- 
voifier, to afiift them in this" examination. 'As M, 
^ory died when the cominiffioners begab their 
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labours, his Majcfty made choice of M. MajSaoik^ 
member of (he faculty pf. medicine, to^fucceed 
him. 

Explanation of the DoQrine of Animal Uagnetijm. 

The agent which M. Mefmer pretends to have 
difcovered, and .which he has made known under 
the name of animal magneiifm, is a .ftuid diffufed 
throughout the whole uni vei fe ; it is the means of 
a mutual influence between the celeftial bodies, the 
'earth and animated beings ; it is continued in fuch 
a manner as to leave no vacuum ; its fubtkty is be- 
yond all compariixm; it is capable of receiving, 
propagating and communicating all the impreflions 
of motion, and is fufctptible of a 'flux and reflux. 
Animal bodies experience the efFefts of this agent, 
and it is by infinuating itfelf in o the fubftance* of 
the nerves that it immediately affefts them. The 
human body, in particular, polTe/Tcs properties 
analogous to thofe of the magnet, and it has alfo 
its diflFerent and oppofite poles. 

The aftion and virtue of animal magnetifm may 
be communicated from one body to other bodies, ^ 
either animate or inanimate, and even at a confider- ! 

ftble diftance, without the aid of any intermediate 1 

hoAy ; it is increafed and reflefted by glafs ; it is 
tcommunicated and propagated by found ; in a word, 
this virtue may be accumulated,' concentrated, and 
fC»iiimti^» Though the fluid be univerfal, ^U 
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animated bodies are not equally fufcepttblfc of it ; 
there are fo^ie even, though few in number, of a 
nature fo hoftile to it, that their jirelence alone de« 
Aroys all the effe6l$ of it in other bodies. 

Animal magnetifm can cure immediately all di£> 

cafes of the nerves, and others it cures mediately.; 

it ftrengthens the afiiqn of m^dic^ines, andjt excite 

,and dire3s falutary cures in fuch a manner, that they 

-may be overcome. By its means, the phyficiap 

can afcertain each individual's flate of health, and 

can fpeak with certainty refpefiing the origin, 

rtiature, and progrefs of the moft complicated dif* 

.esries ; he can prevent their increafe, and be able to 

cure them without ever expofing the patient to d^aa- 

gerous efie£ls, or difagreeable confequences, wliat* 

ever be the ^ge, the temperature, or the fex. In 

animal magnetifm, nature prefents an univer&l 

-tnedium for curing and preferviqg mankind. 

Such is the agent which, the commifliooers were 
charged to examine, and fuch the properties war- 
ranted by M. Deflon. This phyficiw, when he 
explained to the commiffioners the .do£lrine and 
nature of animal magnetifm, taught them alfo the 
pfafiife, and made them acquainted with the poles, 
by (hewing them the method of touching the pa- 
tients, and of conveying to them the joii^etic 
iluld. 
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Defcriphon of the Treatment* 

After having procured information refpefting the 
theory and praBice of animal magnetifm, it was 
neceflary to fee its effefts : for this purpofe, the 
commiflioners attended, and each of them feversrf 
times, to obferve the manner in which M. Deflon 
treated his patients. In the middle of a large haH 
* they faw. a circular box made of oak, raifed to the 
height of a foot, or a foot and a half, which was 
called the tub; the upper part of this box was 
pierced with a great number of holes, from which 
proceeded iron branches, having moveable dbows. 
The patients were placed in rows around this tufc, 
each oppofite to one of the iron branches, which by 
means of the elbow could be applied direftly to the 
difeafed part. They were all united to each other 
by a rope that vf^nt round their bodies ; and fomc- 
times they formed a fecond chain, by laying hold of 
each others hands: that is to fay, by each applying 
the thumb' between the thumb and fore- finger of the 
next perfon.' 

In a comer of the h^U ftood a piano- forte, on 
which various airs were played in diflFerent time ; 
and thefe airs were fometimes accompanied with th6 
voice and finging. 

All the magnetifed perfons held in one of their 
hands an iron rod, about ten or twelve inches io 
length. 



M. Deflon declared to the commiflioners, ift* 
That this rod was the conduftor of tnagnetifm ; 
that it poiTefled the property of concentrating it at 
its point, and of rendering its emanations more 
powerful. 2d, That found, according to the prin- 
ciples of Mefmer, was alfo a condu£lor of mag* 
netifm : and to communicate the fluid to the piano- 
forte, nothing was neceffary but to bring the iron 
rod near it ; thofe who touched the inftruraent fur» 
niflied it alfo, and the magnetifm was tranfmitted by 
the founds to the furrounding patients. 3d, The 
rope which went round the patients, as well as the 
joining of hands, was deftined to increafe the efie^s 
by communication. 4th, The infide of the tub was 
Conftru6led in fuch a manner, as to concentrate the 
magnetifm ; it was a large refervoir, from which it 
was propagated by means of the iron branches fixed 
in it. 

Method of Executing and Dire3ing the Magnetifm^ 

The patients arranged in great numbers, antl in 
feveral rows, around the tub, received the magnetifm 
at the fame time by all thefe means : by the irod 
branches which tranfmitted to them the magnetifm in 
the tub ; by the rope twifted round their bodies ; 
by the joining of hands, which communicated to 
them that of their neighbours ; and by the found of 
the piano^forte, or of an agreeable voice. The 
patients were magnctifed alfo dire£lly by means of 
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the finger, and of an iron rod moved before ihe 
face, or behind the bead, and on the diieafed parts, 
always obferving the diftin&ion of the poles : the 
perfon who performed the operation a6led upon 
them alio by the look, and by daring at them; 
but they were magnetifed in a particular manner by 
applying the fingers to the hypochondriac region, 
and fometimes continuing to do fo for feveral 
hours. 

EffeBs ohferved on the Patients* 

The patients exhibited a highly varied piClure» 
according to their difierent ftates* Some of them 
were calm and tranquil, and experienced. nO ^fie^ 
Whatever ; others coughed, fpat, and felt fome flight 
pain, a local or a univerfal heat, and fits of perf- 
piration ; others were agitated and tormented with 
convulfions, which \ftx^ remarkable for their num* 
ber, their duration, and violence. As foon as one 
convulfion began, feveral ^others manifefied them- 
felves. The commiflioners faw fome which lafied 
ihree hours ; they were accompanied with the ex- 
pefioration of a turbid vifcous liquor, forced up 
by the vfolence of the efforts. Sometimes ilreaks 
of blood came up; and one young man in psurticu-^ 
lar, one of the patients, threw up a great deal of 
it. Thefe convutfions were chara£leriled by fudden 
and involuntary movements of all the limbs, or 
c6ntra£kion of the throat, f ubfultus of - the byr 
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,pocho)i(}ria and the epigaftrion uneafine&i a wild» 
nefs of look, piercing cries, weeping, hiccup, and 
immoderate laughter ; they were preceded and foU 
lowed . by a ftate of languor and reverie, a fort of 
dejeftion, and even lethargy. The leaft unexpe£ted 
noife produced in the patients a tremor, and it was 
obferved that changing the tone and meafure of the 
airs, played on the piano-forte, had an influence on 
them; fo that by livelier tunes they were more 
agitated, and the vivacity of their convulfions was 
renewed. 

A hall, lined with matting, 'had been at firft def. 
tined for patients affli£led with thefe convulfions, 
and on that account was called the chamber ofcrifts; 
but M. Deflon does not think proper to make ufe of 
.it, and all the patients, whatever be their fymp*. 
toms, are colle£led together in the public halU 

Nothing can be more aftonifliing than the appear* 
ance exhibited by thefe convulfions: none but 
thofe who have feen them can fofm. any idea of 
them, and thofe who fee them are not a little fur. 
prifed at the profound tranquility of one part of the 
patients, and the agitation experienced by another ; 
the various fymptoms which are repeated, and the 
fympathetic emotions produced. Some patients 
Attach themfelves to each other cxclufively ; rufli 
towards each other, laugh, addrefs each other in an 
affeElionate tone, and mutually foften each others 
crifes. They are all fubje6l to hfan who magnetifes ; 
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though in an apparent flate of .ftupor the found of 
his voice, a look, or a fign, is fufScient to route 
them from it, and in confequence of thefe conilant 
efFefis, it is impol&ble not to acknowledge fome 
great power by which the patients are agitated and 
fubdued; and of which he who magnetifes feems 
to be the depofitory. 

Conclujion, 

The commiflioners having afcertalned, that this 
animalo-magnetic fluid cannot be perceived by any 
of our fenfes ; that it has no aSion either on them, 
or on the patients fubjefked to it ; and having aC- 
fured themfelves that preffure and touching occafioti 
changes feldom favourable in the animal economy ; 
and, in the lafi place, having demonllrated by deci^ 
five experiments, that the imagination without mag^ 
netifm produces convulfions, and that magnetifm 
without the imagination produces nothing, have 
unanimoufly concluded, in regard to the queftioa 
^of the exiftence and utility of the magnetic ULuidi, 
that nothing proves its exiftence ; that the violent 
effefts obferved on thoff fubjefted to public treat- 
ment, ahfe from -touching; frona the imagination 
being put in aflion, and from that mechanical imi- 
Ution which -impels us in" fpite of ourfelves.to re- 
peat whatever flrikes our fenfes. At the fame time 
they think themfelves obliged to add, as an obfer- 
' yatiou of jipfortai^e^ that frequent touchmg, aiirf 
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the repeated afUon of the imaginatiDii to produce 
crisfs, may be prejudicial ; that the fight of thefe 
crifes is .equally dangerom, on account of that 
imiiaiion which nature feems to have iwpofed onus 
as a law, and confequeiitly that all public. tr«<tt> 
ment, rwherc the means of iriagnQtifm are employed, 
mull inthe end produce fatal'efie3s. ' 

At Paris, March 11 th, 1784. 
(SignedJ Benjamin Franklin, Majault, 
Leroi. Sallin, De Bory, 
Bailly, d'Arcet, Gbillotjn, 
Lavoisier. 
We have thought it uecefTary to enlarge fo mucU 
.oil the doflrine, management, and efFefls of the pre- 
tended magnetic Jlxiii, and have given at full 
length the opinion of the learned commiflion who 
examined it, in order to undeceive thofe who, ' 
under the pretence of a recreation might become 
the dupes of a pra£lice dangerous to fociety. 



 WEIGHTS 'FOR BALANCES. 

Examination of the number and relation of weights, 
with which any number of pounds, from one to 
' 'any determinate number, may be weighed in tha 
fmpiejk manntr. 
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» 

Though thfSi on the firft view, may appear to 
belong to mechanics, it may be readily feen that it 
it nothing but an arithmetical problem ; for the 
queftion may be reduced to dus. To find a feries 
(rf numbers, beginning with unity, and which added 
or fubtrafied faora each other in every manner 
ppflible, (hall form all the numbers from unity, up 
to any number required. 

This queftion may be refolved two ways, viz. 
by addition alone, or by addition combined with 
fubtraClion. In the fiirft cafe, the feries of weights^ 
which anfwers the problem, is that of the numbers 
increafing in a double prpgreffion ; in the fecond» 
that of the triple progreffion. 

Thus, for example, if we have weights equiva- 
lent to 1, 2, 4, 8, and 16 pounds, we may weighs 
by means of thefe, any number of pounds up to 
31 ; for with 2 and 1 we can form 3 pounds ; with 
4 and 1, 5 pounds; with 4 and 2, 6 pounds; with 
4, 2 and 1 , 7 pounds ; Sec* With one more weight 
of 32, we can weigh 63 pounds; and fo on^ 
doubling the laft weight and dcdufting unity from 

that double. ' 

But if weights in the triple progreffion be em* 
ployed, as 1, 3, g, 27, 81, by means of thefe we 
can weigh any number of pounds from 1 to 121 ; for 
^ with the fecond lefs the firit^ that is to fay, putting 
the firft iflto one fcale and the fecond into the 
^hfir, we make 2 pounds ; by putting botb wXq the 
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fame fcale we form 4 pounds ; by putting 9 into 
the one fide, and* 3- + 1 into the other, we form 
j pounds ; 9 on the one fide and 3 on the other, 
will give 6 pounds ; 9 + 1 on the one fide and 3 
on the other, will make 7 pounds ; and fo by dif- 
ferent tranfpofitions, we may proceed in this man« . 
ner to the weight above mentioned. 

It is here evident that the lad method is fimpler 
than the other, as it requires a lefs nfumber of dif«> 
ferent weights. 

Thefe two progreffions are, in this refpeft, moit 
advantageous than any arithmetical progreffion that 
could be tried ; for if weights in the natural aiithw 
metical progreffion 1, 2, 3, 4, &c, were employed, 
to weigh 120 pounds Would require 15: and t<> 
weigh 121 pounds, with weights in the following 
arithmetical progreffion 1, 3, 5, 7, &c, would re« 
quire 11. As no other but the triple progreffion 
would make up all the ntimberrpoffible, from the 
weight of one pound to the greateft refulting from 
the whole oi the weights, the triple progreffion is 
therefore the moft advantageous. 

It is evident that the folution of this problelh is of 
confiderkble utility in the ordinary affairs of life, 
fince it affords the means of weighing any number 
of pounds, with the lei^ft number pollible of different 
weights. 
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PERPETUAL LAMPS. 
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Before the improved ftate of philofophy had 
Diewn the impoffibility of real un-extihguifhable 
fire, the learned were much divided in their opinions 
on this fubje£l ; but of all the champions in favour 
of perpetual lamps, none has made greater efforts to 
obtain credit to their exigence, than Fortunio 
JJceti, in his book entitled De Reconditis Antique^ 
rum fLucernis. 

If we ^an believe this author, nothing was more 
coxfinion among the ancients than perpetual lamps. 
-The lamp of Demofihenes, that which burnt in 
the tcn^ple of Minerva at Athens, the Veftal fire at 
Home, all fumilh him with fo many proofs of the 
poflibility of un-extinguifliable fire. One cannot 
help fmilipg to. fee £o much learning fo badly em« • 
jployed : fqr who is there who does not know that 
thefe fires were called perpetual merely becaufe it 
was a point of religion to preferve them from being 
extinguiflied, and to.fupply them with continual 
'aliment. 

The other partifans of perpetual lamps, while » 
they laugh at the fimplicity of Liceti, fupport their 
reafoning on fafts which feem to carry with them a 
little more weight ; they are as follow j 
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1. Tie Lamp of Tulliola. ' 

•The tomb of Tulliola, the beloved daughter of 
Cicero, and whofe death coft him fo many, tears, 
was difcovered, it is faid, under the pontificate o£ 
Paul III. It is pretended,, that in this tomb there 
was a lamp aftually burning, but which became ex- 
tinguiflied on the admiffion of air. , 

2. Tht Lamp of Olyhiusn 

4k 

fiut it is the lamp in the tomb of Olybius, which 
above all others, fupplies the partifans of perpetual . 
lamps with one of their ftrongeft arguments. 

In the year ijbo, as we are told, fome peafants 
digging the eaxtfa to a coniiderable depth at Atefta, 
in the neighbourhood of Padua, came to a tomb^ 
in which they found two earthen urns, one within 
the other. The latter, it is added, containing. a 
1)urning lamp, placed between two phials, one filled 
with liquid gold, and the other with liquid filver. 
Both thefe urns were omainented with Latin in- 
fcriptions. 

Such is the manner in which fevcral authors relate' 
this curious difcovery. But what follows is ilill 
ftronger : Liceti gives a letter of one Maturantiuy, 
who tells his friend Alphenus, that he had got pof- 
felfion of this incomparable treafure. ** Both the 
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vafes,** fays he, " with the infcriptions, the lamp 
and the phials, have fallen into my hands, and are 
now in my poHeflion. If you (hould fee them you 
would be aftonilhed : I would- not part with them 
for a thoufand crowns of gold." This is no doubt 
the language of a man who believes he po^efles a 
valuable rarity. We do not however know that it 
exifts in any colleflion. 

It appears, that in this cafe, as at the tomb of 
Tulliola, an accident prevented enlightened people 
from beinjg; witnefles to the phenomenon ; for we 
read in the credulous Porta, that as t,he peafants 
who found this treafiire handled it too roughly, the 
lamp broke in their hands, and was extinguilhed. 

3. Tht Lamp of Pallas^ tUJon of Evandcr. 

We are told alfo, that about the year 800 of the 
Chriflian a:ra, the tomb of the famous PallaSi the 
fon of Evander, killed as is well known by Tumua, 
was found at Rome. 

Withm it was a burning lamp, which confe- 
quently muft have burnt nearly 2000 years, fince 
it was ihut up in the year 1170 before the Chriftian 
sera* 

4. The Lamp in tke TerApk of Venus. 

Various celebrated authors pretend, that this liuitp 
burnt perpetually, and that the flame adhered fb 
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Wrongly to the combuftible matter^ that neither 
-winoy ram nor tempefts could extinguifll it, thougli 
continuiailly expofed to the air, and to the incle* 
meney of the feafens. The partifans of this Iainp» 
after infinuating that a wick of albeftos was, in all 
probahility, onployed, conclude by faying, that it 
might peihapft have been the work of the devil, in 
orde^ to bliAd the pagans more and more,, and to 
attach them to the infamous deity worfbipj^ in thai 
kemple» 

j. Lamps t>f CqJJiodoruSi 

CalGodcMiis, who it is well known, was as much 
Celebrated by hit empIo)rmems as by his talentii 
tells us himfelf that he made perpetual laitips £ar 
"his ikionaftery at Viviers^ Eachn^onk, it is pro!/a* 
ble, had one of them for his own ufe« His Worda 
'^e: '* We have provided for our vigils lanq» 
which always retain their light, and the oil of 
which is never confunied, though confiafltly ex* 
pofed to the ardour df the fiame/^ 

Some partifan Of perpetual lamps may here befX 
** Is it -pol^ble to refufe credit to teftim^y fo 
authentic, fo clear, ahd fo refpeftable?^^ 

Such are the principal fafis adduced in favour of 
perpetual lamps; but we may venture to fay, that 
they will not ftand the teft of critical ekaittinalfon» 
tn regard to the firft three, what dependanee <an be 
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placed on hOs related in to vague a manner, and 
accompanied with incoherent and romantic circum- 
ftances ? None of thefe {a£ls are fupported by any 
other teftimony, than that of men who lived a long 
time after ; no perfon, whofe authority is of any 
weight, aflertft that he a&ually Jaw them. But in 
difputes refpe£ling things which are contrary to the 
common laws of nature, they muft at Jc^ft be cer- 
tified by enlightened men, above all fufpicion of 
credulity or ignorance. 

The tale refpeCling the tomb of Tulliola, is as old 
as the year 1345 ; a peripd when all Europe was 
iunk in the groffeft ignorance. A b«dy is (add to 
liave been found in it, and in that cafe it could not 
be the body of Tulliola ; for the Romans in the 
time of Cicero always bui:nt their dead. In confe* 
quence of this and (imilar circumftances, fonae 
authors have cojBije£lui1ed» that the tpmb alluded to, 
was that of the wife of Stilico; but the Chriftians 
aiever placed, lamps in their tombs* The account 
therefore of a lamp found in this tomb has every 
appearance of a fifiion. . . . 

But what fliall Hire fay of jhe tomb of Olybius, 
and the lamp with two^phials, one filled with fluid 
gold, and the other with fluid filver ? This double 
urn w?is found by peafants, who according to feme 
\authors« handled the lamp contained in the 'fecond 
urn fo clumfily, as to break it ; and yet Maturan. 
tius pretends that he hs4 it in his poifeflion. Who 
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faw the lamp^ burning ? What eyidence have .we 
that thie peafants faw it in that ft^te ? and whqfe 
tfeftimony in this cafe would be admii&ble ?. Some 
vapour exhaled from a place fliutup for fo many- 
centuries might eaiily impofe. on rude and ignorant 
people. 

The ftory of the t*mb of Pallas» the fon of Evan- 
der, is fcarcely worthy of refutation. To fliew the; 
impofture, nothhig is ncceffary but to read the 
Latin infcription, faid to have^been contained on 
it, which is as follows •. 

Filius Evandri Pallas quern lancf a Turni 
Militis occidit, more suo jacet hie. . 

Who will be fo weak as to believe, that thcfe vcrfes 
were written in the time of Eneas ? One needs only 
to have feen the language of the twelve tables, to be 
able to judge how little refemblance the ancient 
language of the Romans, and that confequently of 
the period of the Kings of Alba, bore to thefe 
Latin verfes. In regard to the lamp of Venus, we 
(hall obferve that thofe who have fpoken of it, do 
not fay that it was not fupplied with new aliments 
What feems to occafion the greateft difficulty, is, 
that it could not be extinguiflied, either by wind or 
by rain ; but in this there is nothing wonderful, 
fince our oilmen felt flambeaus which have the fame 
property. Befides, even admitting that this lamp 
was perpetual, and inextinguifiiable, who is fo i^^o- 
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lanc as not to know, that the Pagan prielts were the 
greateft of impoflors, and tfaa^ they might employ 
Aany artifices to fupply the lamp with new aliraent ? 

The lamps of CafBodorus may be explained with 
equal eafe; they were lamps which, like thofe of 
Cardan, fupplied thcmfclves with oil by means of 
a icfervoir ; and Cafliodorus only meant to fay, that 
thefc lamps lafted a long time, in comparifon of the 
common lamps of that peridd, which ftood fre« 
quently in need of having oil poured into them. 

Thefe refleftions did not efcape feveral ingenious 
philofophcrs, and particularly Ottavio Feifrari, to 
whom we are indebted for a curious and learned 
work, Pe VeUruM Lucernis/eptdcralihus. AH thefe 
authors overturn the arguments of Liceti, and fully 
fhew that the fa£ls adduced in favotur of perpetual 
lamps, reft on a weak foundation ; and that they 
abound with abfurditics and contradi£lions. They 
even ridicule the wcaknefs of this learned man, who * 
by an excefs of creduUty^ almoft beyond fcelief, 
finds in the lamp of the tomb of the necromancer 
Merlin, dcfcribed by the poet Ariofto» a proof of 
perpetual lamps* 

We (hall conclude this article with the following 
very juft refle£lu>ns of Ofiavio Ferrari^ above men- 
tioned, which naturally fuggeft therafelves to the 
mind. If the fecret of preparing perpetual and in* 
extinguifhable fire, had been known to the ancients^ 
would an art fo ufefiil have remained buried in 
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oblivion ? But even admitting that It might be Ipft 
for want of philofophical and chemical knowledge. 
is it poffible that Pliny, who enumerates the common 
inventions, as well as thofe moft celebrated, fliould 
fay nothing of this perpetual fire, a thing fo won- 
derful ? When Plutarch makes mention of the lamp 
of Jupiter Ammon, becaufe it burnt a whole year, 
is it to be fuppofed that he would obferve filence re* 
fpefting lamps, in comparifon of which the former 
was a contemptible trifle. 

We mull therefore fay, that both hi (lory and 
found criticifm oppofe every idea of fuch an inven- ' 
tion having ever exifted. We fliall now examine 
how far it is confiftent with the principle's of philo< 
fpphy. 

Qn the Phyfical Pojibiltty of making a Perpetual 

Lamp* 

Having proved the weaknefs of all the fa£l$ 
brought as proofs in favour of perpetual lamps, it 
remains that we fhould examine, how far they are 
ppflible, according to the principles of found philo- 
fophy. 

To obtain a perpetual lamp, it would be, nccef- 
fasy to have as follows : 

ift. A wick which could not be confumed. 

2d. Some aliment which could not be confumed, 
or a fubftance which, after having ferved as aliment 
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to the Ere, fliould return into the veiTel without 
Ipfing its inflammable quality. 

3d. It would be neceflary alfo, that the flame 
fhouid be able to exifta longtime in a place ab/b- 
lutely clofe, and of fmall dimenfions ; for fuch 
were the tombs in which fthefe perpetual lamps are 
laid to have been found. 

But all thefe things are impoflible, as will be feen d 

by what* follows. ' 

§. I. hnpoffibility df having a Perpetual wick. 

The curious properties afcribed to the amianthus, 
which are in part real, are welj known. We will 
not deny that a wick, capable of lafting for a very 
h)ng time, might be made by means of this fub- 
flancc : but we muft pofitively aflert, that it would 
not be perpetual ; for however much its incombuf- 
tibility may have been boall'ed of, this property is 
not abfolute ; the fire would at length deftroy it, as 
it does every other body. It is very true, that cloth 
made of the amianthus, when thrown into the fire, 
may betaken out found and entire, but not abfolute- 
ly fo ; for it is obferved that each time it is expofed 
to the fire, it lofes fome of its weight. It would 
therefore be at length confumed, and perhaps in a 
Ihort time, if it were only made, red hot and then 
cooled, or if it were left a confiderable time in a 
very ftrong fire. A wick of amianthus would con- 
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iequehtly at the end of a certain time be CQlbpletely 
deftroyed. - t •.. ' 

Some have tried to make wicks of bundles of 
gold threads, exceedingly fine ; hut it has never 
heen poflible to light them, and even if this could 
Jbte done, another inconvenience v^ould- prevent 
their being of any ufe : they would be fufed by the 
flame, and confequently wQuld be rendered unfit 
for anfwering th^.^intended purpofe. ^ 

r 

§. II. Impojffibility of procuring IndeJiruSibU AH* 
ment for the perpetual lamps. Pretended recipes 
for making IndeJlruSible Oil* 

But w^ ihall even fuppofe a wick abfolutely un. 
alterable to have been found, and that it does not 
become choaked up with fuliginous matter, from 
the combuilible fubftance by which it is fed ; this 
iiowever would be only one fmall part of what is 
iJyeceiTary for obtaining a perpetual lamp : feme kind 
of aliment which fliall experience no diminution, 
or which having ferved^ to maintain the flame with* 
out experiencing any alteration, may return by a 
perpeiuid circulation, into the^ veflel from which it 
iffued,. wiU.a]rQ be requifite. Is all this poffible ? 

Let us now hear the alchemists, or the partifans 
of perpetual lamps. We (hall be entertained with 
their ideas refpe£ling the manner in which an oil, 
fuch 9&. thefe lamjps would require^ might be oh* 
tainedi . R A 
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Some» confidering diat tke amianthns refifts fird^ 
liave tried^ but without fuccefs, to extnR an oil 
ffom it. 

Others obferang that gold and filver, bat paitl^ 
Cttlarty the former of tkefe metals, igre indeftm&U 
He by fire, conceived an idea of iSearching in them 
for that valuaUe oil, which would put us in poffef* 
fion of perpetual lamps. This is the. noble fecret 
with which Liceti pretends that Olybius was ac« 
quainted 4 but the metals are as incapable of pro* 
dacing oil as the amianthus. 

It may however be faid, that if it were poflible 
to reduce gold to a liquid ftate, we might perhaps 
obtain an incombuftible oil, as gold is unalterable 
in the fire. But beiides the impoffibility of con* 
verting gold into a liquid, how do we know that it 
Vould be tndefirudible? 

The Abbot Trithemius, or the perfon who in his 
name has written a great many faifehoods, pretendbt 
to girea recipe for an unextinguifhableoii, .tog^ber 
with the whole procefs for making a perpetual lamp* 
Various alchemifts have done the fame^ ibut the leaft 
knowledge of chemijlty is fufficient to flicw the 
ridiculous abfurdity of thefe pretended difcovisries.. 

§•111. 7^ impqffibility of continually maintaining 
firein a place abfoluUly cloji. 

: It is a fea, wdl known to all thofe who cultivate 
natural phibfopby, tlaiif a lighted taper be placed 
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uuder a glafs receiver, fo as to prevent its having 
^ny communication with the external air, the flame 
will gradually decreafe in fize, become faint, extend 
itfelf in length, and at laft be extinguiijhed. Che« 
mifis have even calculated with great accuracy^ 
what quantity of air is confumed in a certain time 
l^y the combuftion of i^ taper of certain dimenfions ^ 
fo that we may eafily predifl in what time the flan^ 
will infallibly be extingui/hed. 

^efides, it is well known that the cavities of the 
ancient tombs were exceedingly fmall ; and, to 
increafe the difficulty, it is faid that the perpetual 
Is^mps burnt in the veflels in which they were in« 
clofed. Such at lead was the cafe with that of 01y« 
bius ; but if this veffel had been three feet in dia« 
meter, which by no means appears, it is certain that 
a lamp could not have exifle^ in \\. two hours, 
without corrupting the whole of the air it contained, 
and without being extjnguifhed. 

Wie (hall not enlarge farther on this fubjefi, as it 
would be wafling time to accumulate arguments to ' 
combat this diimera of perpetual lamps. 



MERIDIAN LINE, 

ff 

Of all the fciences which form the objeft of 

human ftudy, the moft valuable are thofe which 

- tepd to promote the convenience of. mankind* 
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Aftionomy, which excites our aftonifliment, hf 
making us acquainted with the iituation, order and 
Motion of the different parts of the univerfe, be« 
fides furnifliing matter for the moft fublime fpecula* 
cioxi, is attended with this advantage, that it enabled 
«s to improve geography and navigation, to deter- 
jnioe the annual revolution of the fun, and to avoid 
falling into error and confufion. Gnomonics, or the 
art of conftru£ling fun-dials, is deduced from this 
fcience ; it makes us acquainted with the equality 
or inequality, and even the relation, of the different 
parts of the day ; and by tbefe means ferves as a 
rule, by which every thing can be performed at the 
proper time. 

Machines, which human induftry has been able 
to carry to a ftate of perfe£lion that could fcarcely 
have been expe£led» we here mean clocks, time^ 
keepers, and watches, are indeed commonly em- 
ployed for this purpofe; but thefe inftruments, 
however worthy of admirafion, reqdire to be re- 
gulated by a meridian.' The philofopher by means 
of a certain line drawn in his chamber, caix enjoy 
the fatisfa6lion of iuxowing the precife moment 
when the fun paffes the meridian^ and can tell every 
day and every month how much the earth advances 
towards the fun ; how much it afterwards recedes 
frpm it, and alfo thofe boundaries which it never 
pafles. A line of^ihis kind may be drawn in a gar- 
den, on the wall of a hou/e, or on that of an apartment » 
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Ea/y method of drawing a Meridian Line on a 

horizentdl plane. 

On a horizontal plane raife perpendicular to it a 
(lyle or needle, or a metal peg, terminated by a 
plate having a hole in it, nearly about a line in 
breadth, and defcribe from the bottom of the ver- 
tical needle, or from the centre of the hole in tho 
pld.e, feveral concentric circles. Then obferve, 
both in the forenoon and afternoon, the points of the 
fame circle which are touched at thefe different 
periods by the extremity of the Shadow of the flyle, 
or by the centre of the light pafling through the hole 
in the plate ; draw a ftraight line through thefe two 
points, and divide it into two equal parts. When 
this is done, draw a ftraight line from the middle 
of the latter to the centre of the concentric circles, 
by which means you will have a meridian traced out 
with the utmoft precifion. 

To draw n Meridian Idm on ihejloor of an aparim 

ment. 

In the window of an apartment, where you ^tt 
*^firou» to trace out a meridian line, ereft a ftyle, 
terminated with a plate, having in it a hole» about 
two lines in diameter ; that it may not be too much 
or too little raifed above the. floor, it will be proper, 
before it is fixed, to meafure at noon the diftance 
from the aperture of the wihdow to the extremity 
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of the chamber; {ollowing the direfiion indicated 
by .tbe ib9iQW wtych the edge of the wiadow uptakes 
on the floor; this will give the length of the meii- 
dian, which we Ihall here fuppofe to be 'ten feet. 
Then fix the flyle in* the bottom of the wmdow, in 
fuch a manner, that the hole in the plate at its ex- 
tremity may be elevated three feet two inches and a 
<q[uarter above the floor. Watch the moment when 
' a horizontal dial, of the accuracy of which you 
mud: be well aflured, exa£lly indicates noon, in order 
that yo.u may mark on the floor the place, of the 
centre of the light which pafles through the bole in 
the ftyle ; for this will be one point of the meridian* 
To find the fecond, peceflary for marking its direc- 
tion, you muft extend a thread fo as to form an in- 
clined plane, from the hole in the plate to the point 
' of the meridian already marked on the floor. Suf- 
pend from this thread a plummet, fo far from the 
wall that no obftacle may turn it afide from its ver- 
tical dire6lion, and mark on the Boor the point ex- 
^ly under the end. of .the 4>lunMn^t ^ if a line 
be then drawn from this point to that already found, 
jjL will he the meridian reguired. 

'M.tthad of teltrng ike hour of Ae nigbf, cm a futu 
dialf by the light of the moon. 

XO'einploy.a fun^dial as. a lunar one, it muft be 
.4^ferved, that this planet comes to' the meridian at 
)jtbe ^^me tipip as .the fi^ only pn ,the days of new 
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atid full moon; At thefe two periods* the&» tbemooa 
ought to indicate tihe (ame bour as the fua; but ex^ 
cept on tbefe two days the Ji^t of the moon wtU 
make the fun-dial 48 minutes, or four-fifths of am 
iiour, too late each day, on account of her own 
«aotion from weft to eaft. Having tlherefore ob» 
ferved the hour indicated on the fun«dial» by the 
lunar rays, you muft add to it 48 minutes taken as 
many times lefs one as the moon is days old, in 
order to obtain the hour as it would be indicated by 
the fun. 

For example, if you find that the fliadow of the 
ftyle indicates fix in the evenings on the fixth day of 
the moon, you muft add to that hour four timefi 
four^filths of an hour, which are equivalent to foi^r 
hours; the refult will fi^uew that, according to thp 
fun, it is ten o'clock at night. 

To facilitate thctfe numerical refearches, we (haV 
here add a table indicating the difference of the fols^r 
land lunar hours at the different ages of the mooq* 
This 'table, which conflfls of two columns, ex<- 
Ibibits on one fide the days of the mooifs ag^, 
and on the other the hours and minutes the mood 
is each day later than tl)e fun. It is evidmt frdiji 
:what has been already faid, that there ought to h|e 
»o.difference between the ficftday an d the itxteentliy 
the fecond and. the feventeenth, the third and the 
eighteenth, &c. In this ubie therefore the days» 
reckoning from the >new moon, and thofe reckon^ 
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ing ffx>ixi the full moon, are placed oppofite to each 
other, fince the retardation of the moon, as com* 
pared with the fun, is not fenfible, but from thefe 
two periods* 

To complete this table, the proper hours to be 
added muft be marked oppofite to the different days 
of the moon's age.. Thus, for the fifth and the 
twentieth day of the moon, 3 hours 12 minutes 
muft be added to the hours indicated on that day 
by a funodial illuminated by the moon. 
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t HYGROMETERS; 

To meafure tlu Moijlure and Drynefs, of the air ; 
Jhort account of the principal Hygrometers in* 
vented for this purpojt : their Fault s._ 

Air is fufceptible not only of acquiring a greater 
or lefs degree of heat, but alfo of becoming more 
or lefs moift. It is therefore one of the objefts of 
natural philofophy to meafure this degree of moifture, 
efpecially as that quality of the air has a great influ- 
ence on the human body, on vegetation, and on a 
great many more of the efFeSs of nature. This 
has given rife to the hygrometeY^ which is an in- 
ftrumcnt proper for meafuring the huihidity of the 
air. 

But it muft be allowed, that the inftruments hi- 
therto invented iof this purpofe, have not been 
attended with that accuracy which there was reafon 
to expeft. We have hygrometers indeed which 
indicate that the air has been more or lefs moift ; 
but they have often this fault, that they fliew a 
greater degree of moifture than really exifts in the 
atmofphere : befides, they are not comparable ; that 
is to fay-, it is not pofTible by their means to compare 
the moifture of one day, or of one place, with that 
of another. It may however be proper to d^fcribe 
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thcfe different hygrometers, were it only that their 
utility may be tried and examined. 

1. As fir wood is very fufceptible of participating 
in the drynefs and moifture of the atmofphere, fome 
have conceived the idea of applying this property 
to the conftrudioA of an hygrometer. For this 
purpofe, a fmall, very thin fir board, is placed acrofs 
between two vertical immoveable pillars, fo that the 
fibres Hand in a horizontal direction ; for it is in the 
lateral direction, or that tranfverfal to its fibres, that 
fir and other kinds of wood are extended by raoif- 
tiTC. The upper edge of the board ought to have a 
fraall rack, fitted into a pinion, conneftcd with a 
ivheel, and the latter with another wheel, having 
on its axis an index* It may be eafily perceived 
that by thefe me^nSf the leail motion communicated 
by the upper edge of the board to the rack, by its 
rifing or falling, will be indicated in a very fenfible 
manner by the index ; confequently, i£ the motion 
of the inde:^ be regulated in fuch a manner, that 
from e?ctreijac drynefs, to extreme moifture, it may 
make a complete revolution, the divifion^ of this 
circle will indicate how much the prefent ftate of 
the.9tmpf|>he)re is diftant from either of thefe ex*, 
tremes^. 

This invention is ingenious, but it is not fufii- 
cient. The .wood retains its moifture a long time 
after the ^ir has loft that with which it was charged ; 
bjefideSy thq board gradually becomes lefs fenfible to 
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the imprei&ons of the air, and therefore produces, 
little or no efie£l. 

2. Sufpend a fmall circular plate by a fine ftring*, 
or piece of catgut, faftenedto its centre of gravity, 
and let the other end of the ftring be attached to a 
hook. According as tlie air is more or lefs moift, 
you will fee the fmall plate turn round, in one di* 
re£lion, or in another. 

The hygrometers commonly fold, are conftruEled^ 
on this principle. They confid of a kind of box, 
the fore part of which reprefents a building with 
two doors* On one iide of the metal plate which 
turns round, ftands the figure of a man,, with an 
umbrella, to defend bini from the rain, and on the 
other a woman with a fan. The «4>pearance of the 
former of thefe figures indicates damp, and that of 
the oth^r dry weather. This pretended hygr<Hneter 
can ferve for no other purpofe than to amufe chiU 
dregi; for the philolbpher muft obferve that, as 
the variations of humidity are tranfmitted to this 
inftrument only by degrees, it will indicate moif- 
ture or drought when the ilate of the atmofphere is 
quite contrary. 

3. Some have tried to confirud; a hygrometer^ 
by .making fad a piece of catgut at one extremity, 
winding, it backward3 and forwards over different 
^ullieSp and fufpending from its other extremity a 
fmall weight, behind which is placed a graduated, 
fcale. Others difpofe the extremity of tbp catgut 
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in fuch a manner, as to caufe it to move an index 
round a graduated plate, the different degrees ol 
which indicate the drynefs or moifture of theat- 
ifiofpherc. This inftrument however is fubjeft 
to the fame inconveniences as that before mentioned, 

4. Put into one fcale of a balance any fait that 
aUra6ls the moifture of the air, and into the other a 
weight, in exa£l equilibrium with it. The fcale 
containing the felt will fink down during damp 
weather, and thereby indicate that fuch is the fiate 
of the atmofphere. An index, to determine the 
different degrees of drought or moifture, may be 
eafily adapted to it. 

This inftrument however is worfe than any of the 
reft; for a fait immerfed in moift air becomes 
charged with a great deal of humidity ; but lofcs it 
very flowly when the air becomes dry : fixed alkali 
of tartar even imbites moifture till it falls in delU 
futum, that is to fay, till it is reduced to a liquid or 
fluid ftate. 

5. Mufic may be employed to indicate the dry ^ 
nefs or moifture of the jadr. The found of a flute 
is higher during dry than during moift weather, and 
the ftring of a violin exhibits the fame phenomenon ; 
but neither of thefe can fliew the immediate ftate 
of the air in regard to drynefs or humidity. 

From what has been here faid, there is reafon to 
conclude, that no comparative hygrometer has ever 
•yet been invented. 
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SNAILS/ 

That part of animals which has tlie external. .ap« 
pearance of the head, ought not always to be confi«« 
dered as the head, but that part only containing 

« 

the brain, which is the general organ where all the 
fenfible parts that concur to 'promote animal life 
te minate. There are fome animals- indeed which 
prefent in their anterior pan certain organs, which 
might be taken for heads ; but which however are 
fo only in appeaiance; Such are all in&£lsi in the 
ftate of larvae: nature has placed in: the! anterior 
part of their body a round ring, in the form of a 
head, which they employ while in that fiate to re- 
ceive and mafticate their food ; and for that.purpoib 
this organ Is aimed iwidi : a Ikihd of forcepa, ;in ' the 
fame manner 4$wthe! reab h^d of r beetles. When 
the animal is transfbhned into a chryfolite, this titig 
detaches itfi^lf from it entirely ; and « it is then fden 
that it is .not a real but a falfe head, united by 
'nitiire to the phyfical conftraCHon of th^ i|ife£l in 
the ftate of larva. Th^ cafe is th^ fame with fnails,: 
in this aftonifliing animal the brain, from which the 
nerves proceed, is plac/^d in the hind part of the 
~ neck, where . it' has the appearance of a grey ring, 
and the apparent head, which, in its natural pofition, 
19 about five lines diftant from this ring, is nothing 
eUe than a prolongation gf the neck or anterior 
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extremity of the animal, in which nature has placed 
the organs of maflicaiian« feeing and feeling* 

According to thefe principles, which are the fruit 

of mature refle^on on the internal flxudure of fnails^ 

4he leprodudion of the pretended head of theCe 

animals does not exhibit to the enlightened ob« 

ferver^ either that.fingularity or importance whicA 

fome have attached to it* The objeflof this phe« 

nomenon is only aa extremity which, though it 

feeros a head to the eyes of the vulgar, is fur fr6tii 

uppearing fo to the eye& of the philofophic ob« 

fervin'. To cui off thereibre tfao anterior extremity 

y:^ fnailf , is the fame iMiig, in iregard to the hea4« 

«s to cut o£P the .pofteridT extfemky) or the end of 

*die tail of a falsmander, which will be £sen to be 

Mproduosd« : . : . .. 

But if , this fikppo&d iicad /fafe cdt off when the 

smima] cotitraSs itfelfi the bnahiri^ebig then.kfe 

liihM from the extnemky; and as we may lay in its 

plaicev 16 will' be maimed {by- tite epilation * and in 

this eafe the «[iiind, 4iAetfd ot ^veprodu cisg the atn« 

^pufated "ptft^ WHI lofe its life iii a 3ew inftknts. Thb 

-is the ifeafon why, of a hundred fnaib, dieiieads oC 

^hi^h ai<b Cut otf by an ufiifktiful hand, very^feW 

bf thfem reprodiice- thkt part ; for by '^anputaiing 

•the emr^mi^ Whieh teiiiains at the time of the 

.^iiitel's eMtniain^ kfeif, the curator duts off a 

(part df ihm bititi^ • which really etmfiimees die head 

'^f the- fnKili ^d ^hiUti cannot be ipjar^ wiUiou* 
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deftrbying the animal. On the other band, if the 

apparent head be cut off when the animal is fully 

extended, the operation fucceeds, and reprodu£lion 

takes place. My curiofity has been feveral times 

excited by the fingulafity of this phehomenon, and 

1 have repeated the experiment with fo muchXuc* 

cefs, that I confider it as eftabliOied on truth. m> 

It follows from what has been here faidi ill« 

That' in organifed bodies in general, both animal 

and vegetable, reprodu3ion does not take place, but 

Jn parts merely acceflbry, and never in thofe which 

have an immediate connection with their exiftence* 

or which are eflential to life ; becaufe, in cutting 

oiF the latter, the fources of reprodu£libn are de* 

ftroyed. 2d« That in mixt beings, the faculty of 

reproduflion is always in the inverfe ratio of their 

perfeflion and fenfihility $ that is to fay, the more 

complex the orgainic parts of an animal, and the 

ftronger its powers of fenfation^ the lefs are its 

means of reproduction. Hence it happens that birds 

and quadrupedes, which arc very perfeft, and have 

great fenfiblity, produce only paas void of fenfa^ 

tion, fuch as the feathers, claws, &c ; and as there 

is little animal perfe&ion in worms and fnails, the 

want of fenfation in which is fupplied by muf* 

cular irritability^ they have the property of repro<« 

ducing even irritable extremities, provided the 

brarn, which is the fource of all the fenfible parts^ 

remains untouched* In the laft place, animals 
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lefs cotnplex in their organization, and which con- 
, lift only of a repetition of Cmilar parts, much more 
irritable than fenfible, reproduce themfelves entirely 
in every part of their body cut off, and are revived 
as we may fay in each portion oLthem^as is the 
cafe in regard to polypes. 

By the help of thefe principles, deduced from 
the real theory of rejH'odu£lions, general as well as 
^)articular, we may be readily convinced, that if an 
animal cannot reproduce thofe of its parts which are 
immediately conne£led with the principle of fenfa- 
tion, much lefs will it reproduce a rc^l head ; that is 
to fay, the organ of the brain, from which is derived 
the principle that forms the eflence of animal life. 



» I » 



'*tnSS^ -• 



•i 



lAfcLES OFCHANCES. 385 

: TABLES OF CHANCES ON GAMES 

OR PLAY. 

I'HE following tables contain the odds or chances, for win- 
ning any number of games/ in a great variety of cases^ 
either when, the chance is equal in every game or throw, 
or when it is unequal according to any odds or proper- 

. tion ; and the games may be of any kind whatever, either 
at dice, or cards, or hazard, or billiards, or racing, o^ 

• cocking, &c. 

• I. li^h^n the chances or bets on each game are equal. 

Against winning . . 
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are 


- 


5 to 1 


4 


, 10 out of 17, 

• 


>, are 


- 13 to 6, or 2| (o 1 




16 games running, - 


are 




65555 tol 




15 out of 16, 


are 


m 


3854 to 1 




14 out of 16, 


are. 


- 


477 to 1 . 




13 out of 16, 


are. 


• 

•k mm 


^ tol 



^•• 



■^ - t- 



eN GAMES OR PLAY. 



12 out of 1(5, 
IhdiUof 16, 
10 out of 16, 

out of 16, 
eveu games in 16, 

lb games runmng, 
U out of 15, 

13 out of 15, 

12 out of 15, 
U out of 15, 

10 out of 15, 
a out of 15, 

14 games Tunning^ 

13 QUt.of 14, 

XijQUtof 14, 

U out of 14!, 
iO out of 14^ 

Poutoif 14, 

S out of 14, 
•ven ^g^iunes. in 14, 

13 games rtmning, 
)2 out of 13, 

11 out of 13, 
ia.€>ut of 13, 

^ out of 13, 
8routof X^, , 

\2 ganes ruiuiing, 

1 1 out ©f I2r 
10 0!nt)f 12, 

S^«utof 12, 
t out of 12, 
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S5 to 



8i to 



are 

are - • 

are - - 3J- to 

are near 7 to 5, or nearer 1^^ to 
are - 4^4. or near 4 to 



are 

ar*" 

are , 

are 

are 

are 

are 

are 

are 

are 

are 

are 

are 

are 

are 

are 
are 
are 
are 
are 
are 

are 
are 
are 
are 
are 



32767 to 

2047 to 

269 to 

55 to 

15J.to 

- ,51: to 

23 to 10, or 2-/s to 

1*6383 to 

1091 to 

153 to 

33t or near 34 to 






to 
to 



near 3 to 2, or li to 
near 3||-, or 3^ to 



• / 



6191 to 

584 to 

8S to 

2a|to 
e^to 



near 9 to 4^ or 2^ to 



4095 
ai4 



to 
to 



50j|, or near 5J to 



12| 



to 



S;2 



4^, or near 4| to 



I 

I 



3»8 TABLES or CHANCES 

m 


7 out of 12, 


are 


near 8 to 5, or near*I|. to I^ 


even games in 12, 


are 


- near 3 J^f , or near 3|. to \ 


1 1 games running, 
10 out of 11, 


are 
are 


204T to 1 
- 169 to 1 


9 out of 1 1, 


are 


29^ to 1 


8 out of \l. 


are 


71^, or near 7|. to t 


7 out of 1 1, 


are 


near 13 to.5, or 2-J t.o E 


10 games niDnrng^ 
9 out of 10, 


are 
are 


1023 \o i 
-, 92 to 1 


8 out of 10, 


are 


• - 174: to I 


7 out of 10,. 


are 


- 53 to 1 1, or near ^^ to t 


6 out of 10, 




are • 


near 13 to 8, or 1 1. to 1 


even game» in 10, 


are 


near 3^ to^ X 


9 games running, 
8 out of 9, 


are 
are 


• 511 to 1 
.' «0 to 1 


7 out of. 9, 


* are 


io^j, or hear 10^ to 1 


6 out of 9, 


are 


2|}, or near 3 to I - 


8 games rannlng, 
7 out of 8, 


are 

are 


255 to 1 


€ out of 8, 


are 


- . 5}^, or near 6 to I ^ 


5 out of 8, 


are 


near 7 to 4, or;.l|: to 1 


even games io 8, 


are 


near 8 to 3, or 2\ to i 


-1 games nmning, 
6 out of 7 


are 

arlB 


127' to I ' 
15 to 1 


5 out of 7, . 


are 


near 17 to 5, or 3| to I . 


€ games running, 
•5 out of 6, * 


are 
are 


63 tol 
8f tol 


4 out of 6, 


are 


21 to 11, or near 2 to I 


e#!n games in 6, 


. are 


11 to 5, or 2-}. to 1 


5 games running, 
4 out.of 5, 


are 
are 


31 toi 
nefir 13 to 3, or 4J- to I . 



OK a^MES ok FLAY. 



4'gfime8ruiiBiQg, 
3:o»t of 4* ^ 
even games in 4, 

3 games runningy 
2 games running. 



aire 
are 
are 



38* 
- IS tol 
11^5, or ^ to 1 
5 to 3, or l^ to i . 



are - - . 7 to 1 

zr^ - - 3 tol 

II. HThen the Odds or Cham» on each gamCf 4a^St6 5. 



Ag^nst winning 

10 games running, the 

9 Out of 10, 

t but of to, 

T out of 10» 

6 out qf 10, t 

even games in 10, 

9 gjUnds toiming, 
. 8 out of 9, 
7 out of 9, 

6 out of 9, . - 
'5 ovl of 9,. 

I g;lnK9^ running, 

7 out Of 8, 
I out of 8, 
^ out of 8, 
^ven gajines in 8, 

7 games running, * 
- € out of 7, 

5 out of 7, 
4 out of 7, 

6 gaaies running, 
^ out of C, 



odds are 
are 
are 
are 
/ axe 
are 

are 
are 
are 
ace 
are 

lire 
are 

are 
are 

are 

are 
ave 

are 
are 

are 

S3 



427 t(^ I 

44 to X 

9itol 

2^, or near 3 to 1 

nearly equal, or l-tir ^^ ^ 

•3| to 1 

532 to 1 

526ito 1 

tery near 6 to 1 

near 15 to 8, or l|.to I 

near 14 to 9, oar 1^ to 1 

ll!6 to 1 

i5i to 1 

. - 15 to 4, or3|to'l 

11 to 1.0, or 1^^ to I 

• 14 to 5, or 2| to » 

tor 



9f to 1 



9to4, or24:to 1 
near i to 2, or 14 to 1 

• W 

36||, or near 37 to 1 

. 5J.tol 



39^ TABLEI 


S OF C 


4 oat of '6, 


are 


•4ren games in f; 


are 


I games rumiingy 


• • 

are 


4 out of 5, 


are 


9 out of 5, 


are 


4 games runmngt 


are 


3 out of 4, 


are 


even games in 4, 


are 


3 games runaingy 


are 


S out of 3, 


are 



•2 games ruimhig,, 

1 game each, out of 2, 



13 to 10, or 1-^ to 1 

9 to 4, <x^to \ 

« 

- t9f to 1 

rather better than 3 to 1 

near7 to5, or 1|- to- 1 

lO^to 1 
near 8 to 5^ or 1-^ to 1 
near 5 to 3, or If to I 

near 31 to^j, or 5^ to 1 
near 10 to 7»oir If to 1 



are near 7 to 5, or 2-^ to 1 
are near 61 to 60, or 1^ to 1 



III. ff^hen the Odds or Chances on each game, are bio 6« 



Against ivinnlng 

10 games running, 

out of 10, 

8 out of 10, 

7 oirt of 10, 

:6ou^of lOy 

9 games ranning, 
8 out of 9, 
f out of 9, 
6 out of 9, 

8 games running, 
7oM|of8, 
6 out of 8, . 
5 out of 9, 



are 
are 
are 
«re 
are 

are 
are 
are 
are 

are 
are 
are 
are 



5654 to I 

. - \ 203 to r 

33 to I 

B^tot 

18 to7,.or2f to I 

- 1206 tol 

101 to I 

17|^ to I 

4 J to I 

547 to 1 

i>0| to 1 

9|tol 

near 19 to 7, or ^ to ] 



ON GA 


MES»01 


ei px/.Y. 391 


Tgame^runningf 


are 


248 to \ 


6 out of 7, - • 


are 


,, 25ito \ 


5 out of 7, 

1 4 • 


are 


- . &!: to 1 


6 games running. 


are 


T  112 to 1 


5 but of 6, ' - 


are 


- ' i2jto 1 


A oiit of e; 


are 


, near 14 to 5/ ot'7§ to I 


$ games.running. 


are 


. ' SO^tol 


4 out of 5, 


are 


- ^ q- to 1 


4 games nmning. 


are 


2^ to I 


3 out of 4, 


are 


very nearfy 3^ to 1 


3 games running. 


are' 


near 9| to 1 


2 games running. 


are 


near 3-J to f 


IV. fFhen the Oddtf or 


Chances 


onea€hgapie,ftr^5k>^, , 


Against wtfining 






10 games running. 


are 


336 tol 


9 out of 10, 


are . 


38^ to 1 


8 out of 10, 


are 


8} tol 


7 out of 10, 


are 


2i to 1 


6 out of 10, . - 


are 


14 to 13, or l^to 1 


even games in 10, 


are 


13 to 4, or3|to 1 


9 games running. 


are 


197 tol 

• * 


8 out of 9, 


are 


24 tol 


7 outof 9, 


are ' 


- ' ^itol 


6 but of 9, 


are 


near 5 to'3, or 1| to. 1 


5 out of 9, 


are 


12 to 7, or U to 1 

» . • t 


8 games running, 


are 


- 109 to J 


7 out of 8, 


are 


13| to 1 


6 out of 8, 


are 


/ 3 j. tO-l 


5'out of 8, 


are 


near 22 to 21, or 1^ tol 


even games in 8^ 


are 


near 17 to 6j or 2J to 1 



-J- . L,_ 



T^ 



59t TAMttP'Or OHA»CB» 


t gMKti running. 


•r« 


• ea tor 


$ out of 7, 


ace 


- - -- aj. to i 


4out«f7, 


ase 


- - ft to! 


4 out of 7, 


are 


near 5 to 3, orl| to I 


H ffonn ninning;. 


ase 


331 t^l 


A out <^ 6» 


are 


neajr 39 to 8, ar 4|, to t 


4 out of 6, 


are 


near 6 to 5, or 1^ to 1 


even games in 6, 


ard 


near 11 to 5, or2^te t 


S garnet running. 


*re 


n| to I 


4 out of 5> 


arc 


near 14 to 5, or 2f to' I 


^ out of 5, 


are 


near 3 to 2, or 1^ to 1 


4 ganves running. 


are 


very near 9^ to I 


d out of 4, • 


are 


near 3 to 2, or 1^ to 1 


evift gam^ta'^y 


are 


near lY to 10, or 1-^ to 1 


3 games tunning. 


are 


near 4^ orne^d to i 


fo«tQf3, 


tre 


near 4 to 3, OTl|^to 1 


2 games running. 


At^ 


56' to 25, ornear 5^ to £ 


1 game each out of 2, 


are 


4lto40, or IJ^ tq 1 



V. ^ken the Odds or Chances on eacl^^ame, are 4 to 5. 



Against winning 

iO games running, 

9 out of 10, 

8 out of 10, 

7 out of 10, 
' 6 out of 1(>, 

!) games runningi 
8 out of 9, 
7 out of 9, 
!6 out of 9, 



are 
are 
are 
are 
are 

are 
are 
are 

are 



3324 


toi 


245 


to! 


38i 


tol 


H 


to I 


3 


to I 


H76 


tol 


119 


to 1 


SO} 


to 1 


H 


tol 




>'• • • 



-*»- 



'*.- 



ON 


GAM£S OR PLAY* 39J 


8 games ruhnbg, 
7 out of 8, 


are 
are 


- . 65B tol 
' 58' tol 


6 out, of 8> 
fe out of 8, 


are 

are 


~ n^ar U to I 
• . 3 to I 


7 games running, 

out of 7, 
5 out of 7, r- 


are 

• are 

are 


290 tol 

^ •■'■ . • 28| to 1 
5|, or near. 6 to % 


6 games rimning, 

5 out of 6, 

4 out of 6, - 


are 
are 
are 


128 to 1 

near 14^: to I 

3 tol 


5 games running, 
4 out of 5, 


are 
are 


56i; to 1 
near 6^ior7 to 1 


4 games running, 
3 out of 4^ 

* ^ 


are 

are 


24i to 1 
. 3 tol 


3 ganies running, ^" 
^ games runiung, 


rare 
are 


10|i,ornear.lO|.to 1 
65 to 16, or4-j?5tal 



VI. ffh^theOdiis0rChancisoneaehgam€,nrefio4: 



Against winning 






6 limes running, . 


ase 


near 20f to 1 


5 out of 6, 


are 


near 3|^ tol 


4 out" of 6, - " . 


are ] 


1601 to 1424, or near 1^ to 1 


even games in 6, 


are 


near 2|. tol 


5 times niivning. 


are 


near 1 1^ to 1 


4 out of 5, , - . 


are 


■very near 2 to 1 


3 out of 5, 


. are 


near 31 to 15, or 2-^ to 1 


4 times running. 


are 


near 6f to 1 


3 out of 4, 


are 


328 to 297, or 11 to 10 


even games in 4, 


are 


409 to 216; or 15 to 8 



894 

3 tkam nmnin^ 



THAtj^S'OP CHANCBS 



8 tfmtt nmnfbgy 
1 game only in i^. 



are 

are 
are 



3^, 6rfiear'3^te i 
8 1 Jto 44, or near 1^ to 1 

16to^,orl|^to I 
13 to 12, bT l^io 1 



VII. IFhen &ie Chtmcum each game, oreMp^ 

f 

Against wlnnin^^ 



6 timea running, 
5 out of 6, 
4. out of 6, 


- 


are 
are 
are 


243 to I 

ncar23|to 1 

near 32 to 7, or 4^ to i 


5 times running, 
4 out of 5, 


• 


are 
are 


96 to 1 
near 10^ to l 


4 times running, 
3 out of 4, 


• 


are 
are 


3S^ to 1 
• itear4itoI 


S times rtmning, 
S tixBes rmwmg^ 




«e 


14ftol 


▼HE y^Rw 


( /Ae ^Cfttd^ 0ti' csch f^ofttti ^^^^ '^^ ^ 


Against winning 


• 


• 


— 


6 times cunniBg, 
5 out of e, 
4out of £>, 
equal times in e^ 


• 


ftre 
are 
are 
art 


near 12 to 5s orS^toi 

near 109to67«,orS to 3 

Tcfy near^tx>! 


5 times ruiHitng, 
4 out of 5, 
3 out of 5, 


•> 


are 
are 

ate 1 


near 8^ tb 1 

near97 to $5, ot 5 tb:? 

Dear S& to 10, ornear 5 to I 


4 times runniai^, 
3 out of 4,. 


. 


are 
are 


51 to 10,ornear5 to I 
nearl9to9, orSJtol 



^...H^B^kAM. 



^NncA»ws oat RL>a;£« 9^ 

i^ ti»S<sfiii|miig, : 'Mfte near ^ to^yOrimra to t 

So&toCa, . * . mw - 4^1^ 7 to 3,.or^to I: 

aie 72tai^,or Ig^ to t 

are .'65 to 36, or.7 to $ 



3 ilraes inqmi^^ 
i in 2, Of even in S, 



JX. ^ben/heXbfiWX^on^^ach^ga^ic,^^^^^^^ 



Against winning 

^ times running, 
i out of 6, 
4 out of 6^ 

^ times running, 
4 oat of 5, 

4 times running, 
i out of 4, 

3 times running, 
i2 times running. 



are 
are 
are 

are 

are 

are 
are 

are 
are 



431 to! 



36^ 


to I 


«i 


to I 


15€ 


tol 


i5i 


tol 


56 


tol 


H 


tol 


19^ 


tol 


«A 


tol 



X. fThen the Odds on each game, are 2to !• 



^ ' neatlOj-to 1 

473 to 256, or 11 to^ 

near 17 to 8, or 2^ to 1 

near 7 to 2, or 34. to h 

near 33 to 5, or 6} to 'l 

131 tolls, or|near7 to 6 

near34 to9,or3|. to 1 

'65 to 16,^ or near 4 to I 

16 to 11, or lij^ to 1 

19 to 8, or2j.to 1 



Against winning 




6 iraes nmning, 


ttte 


5 out of 6, 


are 


4 out of 6, - 


ape 


3 out of 6, or even 


are 


5 times running. 


arc 


4 out of 5, 


are 


3 out of 5, 


are 


4 times running. 


are 


3 out of 4, 


are 


2 out of 4, or even in 4, 


- are 



9a6 



J bines •uaniDgy 
3 oat of 3, 



TABL£S OF CHANC£6 l>N*^LAV. 

are 



.» 



3 tinif^ ranning:, 
1 in 2, or eveo in 2, 



are 

are 



19 to 7, or2f to r 
20 to 7, or near 3 to I 

*- 5 to 4, or 1^ ia I 
5 to 4, or l^ to 1 



XL If^hm tke Chance. on each game is^, Or.l to 2. 
Against vrinning 



$ times running 


ace 


- 


728 to 1 


5 out of 6, 


are 


^ » 


55 to 1 


4 out of G, 


are 


8J^, or near 9 to 1 


5 times running. 


are 


» 


24fi to 1 


4 out of 5, 


are 


^h\> f^rnear^l to I 


4 times running. 


* .ate 


- 


SO to J 


3 out of 4, . - 


are 


- 


8 to! 


3 times runnings 


are 


•■ m 


26 tol 


S times running. 


are 


'm m 
t 


8 to 1 



TABLE OF MEASURES. 

WE shall conclude this vqlume with the following table 
of itinerant distances^ or lineal measures, which have beeo 
used by diaerent people ; all expressed in numbers of Eng- 
Ush feet. 

In . Feet 

Arabia. — ^Themile, abput , ^ - ' - 6929 

CrtiWA.— The present li - - - 1885 

The pu, equal to 10 lis, - - 18857 

De*imark. — ( he mile - . - 25123 

England.— ifhe mile . * , - 5280 

EOY^T.-^ihe^^HiENE , - . •» * 19421 

Franci:,— t humile - - • 6392 

The small league, of 30 to a degree, - 12159 



i 
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In ' Feet 

The mean league, of 25 to a degree, - 1 4 594 

Th% great or marine league, 2(y to a deg. * 1 8238 

Gavl, (ancient.) — ^The leug, or league - 7249 

G.ER.MAN5c:5— Thel^gue, or rast - - 14498 

The miie^ 12| to a degree * 28995 

Ditto, 15 to a degree - . 24292 

Greece (ancient J— -The O ly m pic stadium - - 604- 

A smaller stadium - * - 482 

The least stadium - - 3^2 

India.— The little coff - - - 857^ 

The great coff " " " , ^85T 

The gan (Malabar coast) ^ - - 38355 

The nari, or nali, (ditto) * -' 5753 

Ireland.— The mile - - - 6724 

Italy. — ^The Roman mile - . - 4909 

The Lombard mile - • 5425 

The Venetian mile • • 6341 

JvDBA.*— Therast, orstade - • 486' 

The berath, or mile • - 3640 

]PERsiA.^-Theparasang, orfarsang , - , 14499 

Poland,— 'The letgue - - 18223 

Roman*Empire.— The military mile - * 4833 

Russia.— The ancient werst • - 4J93 

The modem werst - - 3497 

JScoTLAND.-^Themile - • 733^ 

Spain.— The league (legal) • - 13724i 

The common league - - • ?084& 

Sweden.— The mile - - 35050 

TuRKY.— Theagash - - ^ 16211 

FINIS. 

Glendiming, Printer, 25, Hatton Garckn. 

T Books 
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(1 ) 

Books lately published by G. Kcarsley,. Fleet-Street 

1. A VIEW of UNIVERSAL HISTQRY, from the 
Creation to the Present Time. Including an Account of 
the celebrated Revolutions in France, Pola n^^ Sweden, 
Geneva, &c. &c. Together with an AccunHe and Im- 
partial Narrative of the lat« Military Operations ; and 
other important Events, 

By the Rev. J. ADAMS, A. M. 
In Three Volumes Octavo, Price 18s. in boards. 

To deny ^r. Adams the Merit of laborious Industry 
would be unjust } and it would be no less so if we did not 
acknowledge that this Work contains much useful Infor- 
mation, and may be red with Advantage by those who 
want Leisure or Inclination to consult originsih Writers, 
and to seek for Knowledge at the Fountain Head. 

Motithly Revtetu, June 179^< 

2. FLOWERS of ANCIENT HISTORY. 

3. Ditto MODERN Ditto. 

By the Rev. J. ADAMS, A. M. 

Just published, New Editions, materially enlarged, being 

the Third of the above Books, each Prjce43. sewed. 

They •comprehend, on a new Plan, the most remarka- 
ble and interesting Events as well as Characters of Anci- 
ent and modern Times, ^designed for the Improvement 
and Intertainmcnt of Yojith. 

4. The BEAUTIES of POPE ; or, useful and enter- 
taining Passages, selected from the Works of that ad- 
mired Author; as well as from his Translation of Homer's 
Piad and Odyssey, &c. A new edition, in two vols, pnce 
7a. sd^'cd. 

5. The BEAUTIES of STERNE. Calculated /or 
tfie. heart of Sensibility. This volume contains a pleasing 
selection from the works of that elegant writer ; among 
which are, The Story of Le-Fevre and Uncle Toby, Maria, 
Shandy s Bedof Juitice, Yorick's Hors«, Corporal Trim's 
Brother, the Dwarf, the Pulse, the Pye-m*n, the Sword, 
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r * 

Books latdy |gjbltshed by G. Kearsley, Fleet-Street 

the Supper^ the 'Starling, the Atp^ Dr. Slop and Obadiah, 
Dr. Slop and Sujan, &c. &c. Also several of bis most 
celebrated seripons, elegant sentimen^|,an4 familiar letters 
toiiis friends. The f 3th ejditioB, ornamented with seven 
plates, Iqcluding a portrait ot Sterne. Priee 38. 6d» sewed. 

*^* Another Edition is also to he body heaut'^Ily printed 
in Octavo, on^Jiiu Vellum Paper^ and hot pressed, -^ice 
7>. in boards, 

6. The BEAUTIES of SHAKESPEARE, atph^ 
cally digested, with a copious Index. To which is s 
his Life and a medallion of his profile, and Garrick^si^. 
in shade. A 6th edition, ofnamented • with plated, and 
improved by a cmi§ide^ble milliner of the most admireS 
scenes in Othello, Romeo and Juliet, King Lear,^ Juliud 
Caesaf/ Macbethy Timon of Athens, -Henty tke Fourth, 
Fifth, Sixth, atid Eighth^ Richard the Third, Hamlet, 8rc. 
&c. Price 3s. 6d. sewed. 

7. The BEAUTIES of Dr. SAMUEL JOHNSON, 
consisting of maxims and observations, moral, critical 
and miscellaneous. To which are added. Biographical 
Ane-cdotks, selected from the late producljjpns of Mrs. 
Piozzi, Mr. BosweH, .and other authentic testimOiieat * 
This edition is embellished with an etching of the head of * 
Dr. Johnson, taken from the life about a month before his 
death ; also a fac simile of his hand-wiiting. The ninth 
edition, price 3s. 6d. sewed. 

8. The BEAUTIES of the RAMBLEa, Adventur%, 
Connoiisseur, WiMrkl, and ^ler, ih two voW ^rice y^, 
sewed. 

9. The CHILDREN'S FRIEND, translated from the 
French of Mr. Berquin, a new edition, corrected, with 
additions, and embellished with forty coppe* plates, in six 
vols, price One Guinea bound* ^ 
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